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_  PREFACE  TO  THE  FIRST   EDITION, 

THE  rapid  growth  of  electrical  science,  and  the  almost  daily  addition  to  it  of  new 
words,  terms  and  phrases,  coined,  as  they  too  frequently  are,  in  ignorance  of 
those  already  existing,  have  led  to  the  production  of  an  electrical  vocabulary  that  is 
already  bewildering  in  its  extent  This  multiplicity  of  words  is  extremely  discourag- 
ing to  the  student,  and  acts  as  a  serious  obstacle  to  a  general  dissemination  of  elec- 
i^trical  knowledge,  for  the  following  reasons  ; 

I.  Because,  in  general,  these  new  terms  are  not  to  be  fonnd  eve;  in  the  unabridged 
editions  of  dictionaries, 

1.  The  books  or  magazines,  in  which  they  were  first  proposed,  are  either  inac- 
cessible to  the  ordinary  reader,  or,  if  accessible,  are  often  written  in  phraseology  un- 
intelligible except  to  the  expert 

5.  The  same  terms  are  used  by  different  writers  in  conflicting  senses, 

4,  The  same  terms  are  used  with  entirely  different  meanings. 

5.  Nearly  all  the  explanations  in  the  technical  dictionaries  are  extremely  brief  as 
^  regards  the  words,  terms  and  phrases  of  the  rapidly  growing  and  comparatively  new 

science  of  electricity. 

In  this  era  of  extended  newspaper  and  periodical  publication,  new  words  are  often 
coined,  although  others,  already  in  existence,  are  far  better  suited  to  express  the  same 
ideaa.  The  new  terms  are  used  for  a  while  and  then  abandoned  ;  or,  if  retained, 
having  been  imperfectly  defined,  their  exact  meaning  is  capable  of  no  little  ambiguity; 
and,  subsequently,  they  are  often  unfortunately  adopted  by  different  writers  with  such 
arying  shades  of  meaning,  that  it  is  difhcult  to  understand  their  true  and  exact 
agniBcance. 

Then  again,  old  terms  buried  away  many  decades  ago  and  long  since  forgotten,  are 
dog  up  and  presented  in  such  new  garb  that  their  creators  would  most  certamly  fail 
jlo  recognize  them. 

It  has  been  with  a  hope  of  removing  these  difficulties  to  some  extent  that  the  author 
kas  ventured  to  present  this  Dictionary  of  Electrical  Words,  Terms  and  Phrases  to  his 
ll»rotlicr  electricians  and  the  public  generally. 

He  trusts  that  this  dictionary  will  be  of  use  to  electricians,  not  only  by  showing  the 

iiderful  extent  and  richness  of  the  vocabulary  of  the  science^  but  also  by  giving  the 

^fai€fil  consensus  of  opinion  as  to  the  signiUcance  of  its  diOerent   words,  terms  or 

plira$ea.     It  is,  however,  to  the  general  public,   to  whom  it  is  not  only  a  matter  of 

■Inter^t  but  also  one  of  necessity  to  fully  understand  the  exact  meaning  of  electrical 

pitcfature,  that  the  author  believes  the  book  will  be  of  the  greatest  value. 

In  order  to  leave  no  doubt  concerning  the  precise  meaning  of  the  words,  terms  and 

i  thus  defined,  the  following  plan  has  been  adopted  of  giving  ; 
If, )  A  concise  definition  of  the  word,  term  or  phrase. 
(i. )  A  brief  statement  of  the  principles  of  the  science  involved  in  the  definition. 


IV 

(3- )  Where  possible  and  advisable,  a  cut  of  the  apparatus  described  or  employed 
in  connection  with  the  word,  term  or  phrase  defined. 

It  will  be  noticed  that  the  second  item  of  the  plan  makes  the  Dictionary  ap- 
proach to  some  extent  the  nature  of  an  Encyclopedia.  It  diflfers,  however,  from 
an  Encyclopedia  in  its  scope,  as  well  as  in  the  fact  that  its  definitions  m  all  cases 
are  concise. 

Considerable  labor  has  been  expended  in  the  collection  of  the  vocabulary,  for 
which  purpose  electrical  literature  generally  has  been  explored.  In  the  alphabetical 
arrangement  of  the  terms  and  phrases  defined,  much  perplexity  has  arisen  as  to  the 
proper  catch-word  under  which  to  place  them.  It  is  believed  that  part  of  the 
difficulty  in  this  respect  has  been  avoided  by  the  free  use  of  cross  references. 

In  elucidating  the  exact  meaning  of  terms  by  a  brief  statement  of  the  principles 
of  the  science  involved  therein,  the  author  has  freely  referred  to  standard  textbooks  on 
electricity,  and  to  periodical  literature  generally.  He  is  especially  indebted  to  works 
or  treatises  by  the  following  authors,  viz.  :  S.  P.  Thompson,  Larden,  Gumming, 
Hering,  Prescott,  Ayrton,  Ayrton  and  Perry,  Pope,  Lockwood,  Sir  William  Thom- 
son, Fleming,  Martin  and  Wetzler,  Preece,  Preece  and  Sivewright,  Forbes,  Max- 
well, De  Watteville,  J.  T.  Sprague,  Culley,  Mascart  and  Joubert,  Schwendler, 
Fontaine,  Noad,  Smee,  Depretz,  De  la  Rive,  Harris,  Franklin,  Cavallo,  Grove, 
Hare,  Daniell,  Faraday  and  very  many  others. 

The  author  offers  his  Dictionary  to  his  fellow  electricians  as  a  starting  point  only. 
He  does  not  doubt  that  his  book  will  be  found  to  contain  many  inaccuracies,  ambig- 
uous statements,  and  possibly  doubtful  definitions.  Pioneer  work  of  this  character 
must,  almost  of  necessity,  be  marked  by  incompleteness.  He,  therefore,  invites 
the  friendly  criticisms  of  electricians  generally,  as  to  errors  of  omission  and  commis- 
sion, hoping  in  this  way  to  be  able  finally  to  crystallize  a  complete  vocabulary  of 
electrical  words,  terms  and  phrases. 

The  author  desires  in  conclusion  to  acknowledge  his  indebtedness  to  his  friends, 
Mr.  Carl  Hering,  Mr.  Joseph  Wetzler  and  Mr.  T.  C.  Martin,  for  critical  exami- 
nation of  the  proof  sheets ;  to  Dr.  G.  G.  Faught  for  examination  of  the  proofs  of 
the  parts  relating  to  the  medical  applications  of  electricity,  and  to  Mr.  C.  E.  Stump 
for  valuable  aid  in  the  illustration  of  the  book ;  also  to  Mr.  George  D.  Fowle, 
Engineer  of  Signals  of  the  Pennsylvania  Railroad  Company,  for  mformation  concern- 
ing their  System  of  Block  Signaling,  and  to  many  others. 

EDWIN  J.  HOUSTON. 
Centkal  High  School,  Philadelphia,  Pa., 
Skftbmbkr,  1889. 


PREFACE  TO  THE  SECOND  EDITION. 


THE  first  edition  of  the  '*  Dictioaary  of  Electrical  Words»  Terms  and  Phrases  "  met 
with  so  favorable  a  reception  that  the  entire  issue  was  soon  eithausted. 
Although  but  a  comparatively  short  lime  has  elapsed  since  its  publication,  electrical 
progress  has  been  so  marked,  and  so  many  new  words,  terms  and  phrases  have  been 
tiitnKluced  into  the  electrical  nomenclature,  that  the  preparation  of  a  new  ^ition  has 
been  determined  on  rather  than  a  mere  reprint  from  the  old  plates. 

The  wonderful  growth  of  electrical  science  may  be  judged  from  the  fact  that  the 

present  work  contains  more  than  double  the  matter  and  about  twice  the  number  of 

definitions  that  appeared  in  the  earlier  work.     Although  some  of  this  increase  has 

^been  due  to  words  which  should  have  been  in  the  first  edition,  yet  in  greater  part  it 

resulted  from  an  actual  multiplication  of  the  words  used  in  electrical  literature. 

To  a  certain  extent  this  increase  has  been  warranted  either  by  new  applications  of 

^electricity  or  by  the  discovery  of  new  principles  of  the  science.     In  some  cases,  bow- 

vcr,  new  words,  terms  or  phrases  have  been  introduced  notwithstanding  the  fact  that 

"other  words,  terms  or  phrases  were  already  in  general  use  to  express  the  same  ideas. 

The  character  of  the  work  is  necessarily  encyclopedic.  The  definitions  are  given 
in  the  most  concise  language.  In  order,  however,  to  render  these  de^nitioas  intel- 
ligible, considerable  explanatory  matter  has  been  added. 

The  Dictionary  has  been  practically  rewritien,  and  is  now,  in  reality,  a  new  book 
based  on  the  general  lines  of  the  old  book,  but  considerably  changed  as  to  order  of 
arrangement  and,  to  some  extent,  as  to  method  of  treatment. 

As  expressed  in  its  preface,  the  author  appreciates  the  fact  that  the  earlier  book 
was  tentative  and  incomplete.  Though  the  wide  scope  of  the  second  edition,  the 
fast  number  of  details  included  therein,  and  the  continued  growth  of  the  electrical 
vooibalary  must  also  necessarily  make  this  edition  incomplete,  yet  the  author  ventures 
to  hope  that  it  is  less  incomplete  than  the  first  edition.  He  again  asks  kindly  criti- 
cisms to  aid  him  in  making  any  subsequent  edition  more  nearly  what  a  dictionar)'  of 
so  important  a  science  should  be* 

The  order  of  arrangement  in  the  first  edition  has  been  considerably  changed  The 
initial  letter  under  which  the  term  ot  phrase  's  defined  is  in  all  cases  that  of  the  noun. 

For  example,  "Electric  Light"  is  defined  under  the  term  *'  Light/Electric  — *'  ; 

'*  Diameter  of  Commutation  "  under  ''Commutation,  Diameter  of  — , "  **Alter- 

^ating   Current    Dynamo-El ectnc    Machine"    under     "Machine,    Dynamo- Electric, 
Jtematiog  Current        -■ — ."     As  before,  the  book  has  numerous  cross  references, 

AUhoogh  the  arrangement  of  the  words,  terms  and  phrases  under  the  initial  letter 

Tlhe  first  word,  term  or  phrase,  as,  for  example,  *'  Electric  Light"  under  the  letter  E, 

(ht  pos^ss  some  advantages,  yet,  in  the  opinion  of  the  author^  the  educational  value 


VI 

of  the  work  would  be  thereby  considerably  decreased,  since  to  a  great  extent  snch  an 
arrangement  would  bring  together  incongruous  portions  of  the  science. 

Frequent  cross  references  render  it  possible  to  use  the  Dictionary  as  a  text-book  in 
connection  with  lectures  in  colleges  and  universities.  With  such  a  book  the  student  need 
make  notes  only  of  the  words,  terms  or  phrases  used,  and  afterwards,  by  the  use  of  the 
definitions  and  explanatory  matter  connected  therewith,  work  up  the  general  subject 
matter  of  the  lecture.     The  author  has  successfully  used  this  method  in  his  teaching. 

In  order  to  separate  the  definitions  from  the  descriptive  matter,  two  sizes  of  type 
have  been  used,  the  definitions  being  placed  in  the  larger  sized  type. 

In  the  descriptive  matter  the  author  has  not  hesitated  to  quote  freely  from  standard 
electrical  works,  electrical  magazines,  and  periodical  literature  generally.  Among  the 
numerous  works  consulted,  besides  those  to  which  reference  has  already  been  made 
in  the  preface  to  the  first  edition,  he  desires  to  acknowledge  his  indebtedness  espe- 
cially to  "The  Alternating  Current  Transformer,"  by  J.  A.  Flenjing  ;  to  various  works 
of  John  W.  Urquhart;  to  "Modem  Views  of  Electricity, "  by  Prof.  O.  J.  Lodge;  to 
**A  Text-book  of  Human  Physiology,"  by  Landois  &  Sterling;  and  to  "Practical 
Application  of  Electricity  in  Medicine  and  Surgery, "  by  Liebig  &  Rohe. 

The  cuts  or  diagrams  used  in  the  book  have  either  been  drawn  especially  for  the 
work  or  have  been  taken  from  standard  electrical  publications. 

The  chart  of  standard  electrical  symbols  and  diagrams  has  been  taken  from  Pro£ 
F.  B.  Crocker's  paper  on  that  subject 

The  definition  of  terms  used  in  systems  of  electric  railways  have  been  taken 
mainly  from  a  paper  on  "  Standards  in  Electric  Railway  Practice,"  by  O.  T.  Crosby. 

The  author  desires  especially  to  express  his  obligations  to  Prof.  F.  B.  Crocker  of 
the  Electrical  Engineering  Department,  Columbia  College,  New  York,  and  to  Carl 
Hering,  of  Philadelphia,  for  critical  examins^tion  of  the  entire  manuscript  and  for  many 
valuable  suggestions  ;  also  to  The  Electrical  World  and  the  Electrical  Engineer  of  New 
York,  and  to  Prof.  Elihu  Thomson,  Edward  Caldwell,  T.  C.  Martin,  Dr.  Louis  Bell, 
Joseph  Wetzler,  Nikola  Tesla,  Wm.  H.  Wahl,  Prof.  Wm.  D.  Marks,  Prof.  A.  E. 
Dolbear,  C.  W.  Pike,  John  Hoskin,  and  numerous  others,  for  aid  in  connection  with 
new  words  or  phrases.  So  far  as  they  relate  to  the  medical  applications  of  electricity, 
the  proof  sheets  were  revised  by  Dr.  G.  G.  Faught,  of  Philadelphia. 

The  author  desires  to  thank  critics  of  the  first  edition  and  the  electrical  fraternity  in 
general  for  valuable  suggestions.  He  presents  this  second  edition  of  his  Dictionary  in  the 
hope  that  it  may  to  some  extent  properly  represent  the  vocabulary  of  electrical  science. 

Central  High  School,  EDWIN  J.  HOUSTON. 

Philadelphia,  May,  1892. 


PREFACE  TO  THE  THIRD  EDITION. 


THE  second  edition  of  the  **  Dictionary  of  Electrical  Words,  Terms,  and  Phrases' 
was  exhausted  in  such  a  comparatively  short  time  that  the  publishers  believed 
that  what  new  matter  might  be  required  for  a  third  edition  could  best  be  added  in 
c  form  of  an  appendix. 

Although  not  quite  two  years  have  elapsed  since  the  issue  of  the  second  edition, 
yet  the  growth  of  electrical  science  has  continued  at  so  rapid  a  pace,  and  new  words, 
terms,  and  phrases  have  of  necessity  been  introduced  so  rapidly,  that  fully  twenty  per 
cent,  both  of  new  words  and  new  matter,  have  been  found  necessary  for  the  third 
edition.  Had  this  fact  been  known  in  time,  it  might  have  been  belter  lo  have 
developed  the  additional  matter  throughout  the  text,  rather  Oian  placing  it  at  the  end 
of  the  book  as  an  appendix. 

Should  a  demand  be  made  for  a  fourth  edition,  the  author  contemplates  re- 
writing and  re-arranging  the  entire  volume.  He  is  thoroughly  aware  of  the  inaccuracies 
and  incompleteness  of  many  of  the  definitions  in  the  second  edition,  and  hopes,  in 
the  event  of  a  demand  for  a  fourth  edition,  to  produce  a  volume  more  nearly  ap- 
proi^imating  to  what  an  electrical  dictionary  should  be.  In  the  meantime,  be  again 
asks  Ihe  kindly  criticisms  of  his  fellow  laborers  in  the  electrical  field  to  aid  him  in  the 
work, 

^H  In  order  to  facilitate  the  use  of  the  cross-references,  all  words,  terms,  and  phrases 
^Hkerred  lo  in  the  appendix  are  so  marked ;  i  e,,  (See  Appendix — Imu/a/wn,  Iiiio- 
^^me/ric,  ofCaMe,)  All  references  not  so  marked  will  be  found  in  the  main  text  of  the 
^Hictionar}% 

^M  The  author  desires  to  express  his  obligations  to  numerous  authors  and  technical 
journals  for  information  as  to  new  words,  terms,  and  phrases,  and  to  the  significance 
generally  given  to  them  in  actual  use.  He  desires  especially  to  acknowledge  his 
obligations  to  his  colleague,  Mr,  A,  E,  Kennelly,  and  to  Professors  R.  A.  Fcssenden, 
C  Wellman  Park;  to  Messrs.  C.  P.  Steinmetz,  J*  F,  Kelly,  O.  B.  Shallenberger,  Carl 
Bering,  H.  W.  Frye,  VV.  D.  Weaver,  W.  F.  C.  Hasson,  Townsend  Wolcott,  J.  B. 
Cahoon,  and  many  others,  for  reading  of  proof  sheets  and  suggestions. 

The  author  presents  this  third  edition  of  the  Dictionary  with  the  hope  that  it 
may  prove  of  value  to  the  electrical  fraternity, 

EDWIN  J.  HOUSTON. 
Philadelphia,  May,  1894. 


PREFACE  TO  THE  FOURTH  EDITION. 


IN  preparing  the  fourth  edition  of  his  **  Dictionary  of  Electrical 
Words,  Terms  and  Phrases/' the  author  soon  found  that  the 
recent  marv^ellous  growth  in  the  electrical  vocabulary  was  such  that 
it  would  be  impossible  to  add,  in  the  shape  of  a  separate  appendix, 
the  new  words,  terms  and  phrases  only,  that  it  was  necessary  to 
introduce  into  the  book.  This  will  be  evident  from  the  fact  that 
the  added  words  exceed  in  number  those  already  contained  in  the 
first,  second  and  third  editions.  Since  it  was  deemed  inadvisable 
b3*  the  publisher  to  recast  the  entire  book,  the  only  course  left  open 
to  the  author  was  to  alphabetically  arrange  all  the  old  and  new 
words,  and  to  present  them  in  concise  definitions  without  any  ency- 
clopaedic matter,  referring  the  reader  to  the  matter  contained  in 
the  earlier  editions  for  illustration  and  detail. 

It  has  also  been  thought  advisable  to  introduce  a  change  in  the 
manner  of  arrangement,  the  words,  terms  and  phrases  being  alpha- 
betically arranged  according,  either  to  the  word,  or  to  the  first  word 
of  the  term  or  phrase.  This  has  permitted  the  entire  suppression 
of  all  cross  references,  which,  in  view  of  the  author^s  past  expe- 
rience, he  believes  will  prove  an  advantage. 

The  author  desires  to  acknowledge  the  very  valuable  assistance 
afforded  him  by  his  colleague,  Dr»  A,  E*  Kennelly,  in  the  prepa- 
ration of  the  matter  for  the  fourth  edition,  both  in  collecting  new 
terms,  as  well  as  in  preparing  the  definitions,  and  reading  the 
proof. 

The  author  trusts,  that  the  fourth  edition  of  his  electrical  Diction- 
arj^  will  prove  of  benefit  not  only  to  the  electrical  world  but  to  the 
reading  public  generall}. 

All  criticisms  will  be  cfladly  received. 


Philadelphia,  December,  1897. 


Edwin  J,  Houston. 


A     DICTPIONARY 


OF 


ELECTRICAL 

WORDS,    TERMS    AND    PHRASES. 


JL  «>r  AtL — An  abbreviation  sometimes  used 
in  medical  electricity  for  anode.     (See  Anode.) 

A*  CL  C* — An  abbre\iation  used  in  medical 
electricity  for  Anodic  Closure  Contraction. 
(See  C^miraciion,  Anodic  Closure.) 

A.  H.  C.^-An  abbreviation  used  in  medical 
electricity  for  Anodic  Duration  Contraction, 
(Sec  Contraction,  Afwdic  Duration,) 

A.  Ou  €w — An  abbreviation  used  in  medical 
ckctridty  for  Anodic  Opening  Contraction. 
(Sec  Contraction,  Anodic  Opening,) 

AlMieifteai  of  R^ctiHrK'iir  Co-onliriAtef«. — A 
tine  or  distance  cut  off  along  axis  of  abscissas. 

The  absd^saof  the  point  D,  Fig.  i^  on  the  curve 
OD  R,  ts  the  dtstAncc  1)  t,  or  its  a|ual  A  2, 
aascired  or  cut  ufiT  on  the  line  A  C,  the  axis  of 
ibdms;  or,  briefly,  A  2,  is  th^  abscissa  of  the 

Axis  ^X  —One    of   the 

i  of  co-ordinates  used  for  determining  the 
PMIiIoii  of  points  on  a  curved  line. 


Thtis  the  position  of 
the  point  D,  Fig.  1,  on 
the  curved  line  O  D  R, 
isdetcmcitiied  by  the  per- 
powlieuhu  dbtances,  D 1 
«iid  D  3,  of  such  point 
from  twpo  ttmight  lines, 

ABiad  A  C,  calkd  the      ^ 

t^ao/cO'Ordimttet*  AC,      A       2  C 

tt  laOeii  the  axis  ef  ah*  ^'^  '•  Ax*ti,/G^i^dmaus, 
JdiMi,  And  AB,  the  axii  of  ordinatei.   The  point 


A,  where  the  lines  are  considered  as  starting  or 
originating,  is  called  the/<M»/  of  origin^  or^  gen- 
erally, the  origin. 

The  use  of  co-ordinates  was  first  introduced  by 
ihe  famous  mathematician,  D<fs  Cartes. 

A  bsolnte.— Complete  in  itself* 

The  terms  absolute  and  relative  are  used  il 
electricity  in  Che  same  sense  as  ordinarily. 

Thus,  a  galvanometer  is  said  to  be  calibrated 
absoluttiy  when  the  exact  current  strengths  re- 
quired to  produce  given  deflections  are  known  ; 
or,  in  other  words,  when  the  absolute  current 
strengths  are  known  ;  it  is  said  to  be  calibrated 
relatively  when  only  the  r<r/«/iW  current  strengths 
required  to  produce  given  deflections  arc  known. 

The  word  absolute^  as  applied  to  the  units  em- 
ployed in  electrical  measurements,  was  introduced 
by  Gauss  to  indicate  the  foct  that  the  values  of 
such  units  are  independent  both  of  the  size  of  the 
instrument  employed  and  of  the  value  of  gravity  at 
the  particular  place  where  the  instrument  is 
used. 

The  word  absolute  is  also  used  with  reference 
to  the  fact  that  the  values  of  the  uniu  could 
readily  be  rcdetcnnined  from  well  known  con- 
stants, in  case  of  the  toss  of  the  standards. 

The  absolute  units  of  length,  mass,  and  time 
are  more  properly  called  the  C.  G,  S.  units,  or 
the  tentimetre  gramme-second  umts.  (Sec  Umts^ 
Absolute,) 

An  absolute  system  of  units  teased  on  the  milH^ 
grammcy  millimetre ^  and  second,  was  proposed  by 
Weber,  and  was  called  the  millimetre  milli- 
gramme-second units.     It  has  been  replaced  by 


Abs.] 

tiie  C.  G.  S.  units.  (Sec  Umis^  Centimetre* 
Grammf'Se^ond,     Uaits^  Fundanuntal*) 

Abfioliite  Block  87»teni  for  HaUn>ads, — 

(See  Block  System  for  Rat /roads.  Absolute,) 

Abmilute  Calibration. — (See  Calibration, 

Absolute^ 

Abaolato  Ele*:trome1er.^(Sec  Electrome- 
ter^ Absolute^ 

Absolnte  CTalTanonietiT. — (See  Galva- 
nometer, Absolute.) 

Ab*M>late  TiiU  of  C^ntrettt — (See  Current, 
Absolute  Unit  of,) 

Absolut^^  Unit  of  £  I  e«tro  motive  Fore©,— 
(See  Force,  Electromotive ,  Absolute  Unit 
of) 

Absolute  Unit  of  IiidaetAnce. — (See  /«- 
ductancc.  Absolute  Unit  of.) 

Absolute  Unit  of  Resistance.— (See  /fe- 
sistance,  Absolute  Unit  o/,) 

Ab«K>liitp  Unit  of  SolMndiietlou, — (See 
InductioHy  Self,  Absolute  Unit  of) 

Ahaolttte  Uftits.— (See    Units,  Absolute:) 

Absoltito  Yacanm.— (See  Vacuum,  Ab- 
solute.) 

Absorption,— The  taking,  or,  literally, 
drinking  in,  of  one  form  of  niatter  by  another, 
such  as  a  g^is,  vapor  or  hquid  by  a  solid  ;  or 
of  the  energy  of  sound,  light,  heat»  or  eler* 
tricity  by  ordinary  matter. 

Absorfillon,  Acoiistle —The    uking 

in  of  the  energy  of  sound  waves  produced  by 
one  sounding  or  vibrating  body  by  another 
vibrating  body. 

Acoustic  absorption  may  result  m  the  dissipa- 
tion of  the  at)Sorbed  energy,  as  lieat,  or  in  sym- 
pathetic vibrations,  (See f TAra/iVwi,  Sympatketic.) 

Absorption,  Electric  — The  appar- 
ent soaking  of  an  electric  charge  into  the 
glass  or  other  solid  dielectric  of  a  Ley  den  jar 
or  coodenser.    (See  Condenser,) 

The  capacity  of  a  condenser  yaries  with  the 
time  the  condenser  remains  charged  and  with  the 
time  taken  in  charging.  Some  of  the  charge 
acts  as  if  it  soaked  mttf  the  solid  dielectric,  and 
this  is  the  cause  of  the  residtial  charge,  (See 
Ckmr^y    RenduaL)     Therefore,    when   the  con* 
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denser  is  discharged,  less  electricity  appears  than 
was  passed  in;  hence  the  term  electric  ahsorptim. 

Absorption,    LumlDOiis  — The    ab* 

sorption  of  the  energ)^  of  light  in  its  passage 
through  bodies. 

When  sunlight  falls  on  an  qpaque  colored  bodfi^ 
such  for  example  as  a  red  body,  all  the  colore  bu^H 
the  reds  are  absorbed.  The  reds  are  then  thro^i|^| 
off  and  thus  cause  the  color.  In  the  same  manDcr^f 
when  sunlight  falls  on  a  transparent  colored  body^H 
such  for  example  as  red,  all  colors  but  the  reds  ar^| 
absorbed,  and  the  reds  are  transmitted. 

WTicn  sunlight  falls  on  a  phosphorescent  body^ 
a  part  of  the  light  is  absorbed  as  heat :   anotbe^H 
part  is  absorted  by  the  molecules  being  set  iiit^| 
motion  sulTiciently  rapid  to  cause  them  to  em^H 
h'ght  or  to  become  luminous.  ^| 

A  mass  of  glowing  gas  or  vapor  absorbs  wave^| 
of  light  of  the  same  length  as  those  it  itself  emits.™ 
This  is  the  cause  of  the  dark  lines  of  the  solar 
spectrum,  called  the  FraunhoGTer  lines. 

The  amount  of  light  absorbed  by  the  glass  globe 
of  an  incandescent  lamp,  according  to  Urquhart« 
is  as  follows,  viz.: 

Gear  glass  ..,,.. . « . .  lo  per  cent.       ^ 

Ground  glass. w. .  35        **  H 

Opalescent  glass 50       '*  ^| 

Ab^rption,  SelectlTC  —  —The  absorpS 
lion  of  a  particular  or  selected  character  o^ 
waves  of  sotind,  light,  heat,  or  electricity. 

Ab^rptlon,  TlieruiaJ  — The  ab- 
sorption of  heat  energ)'  in  its  passage  through 
a  body. 

The  phenomena-  of  thermal  absorption  are^  1 
similar  to  those  of  luminous  absorption.  A  sub^f 
stance  that  is  transparent  to  beat,  or  which  allowl^l 
heat  waves  to  pass  through  without  absorption, 
is  called  diatkerman&us^  or  diaih^rtn.imr^  **^^ 
\^  said  to  be  transparent  to  heat,  fl 

Absorptive  Power, — (See  Po^uwr,  AOsorfi^ 

tive^) 

Acceleration. — The  rate  of  change  q^| 
velocity.  ^ 

Acceleration  is  thus  distinguished  from  vdocityx 
velocity  expresses  in  time  the  rate-of.  change  of 
position,  as  a  velocity  of  three  metres  per  second; 
acceleration  expresses  in  time  the  rate-of-change 
of  velocity,  as  an  acceleratioin  of  one  centimetre 
per  second. 

Since  all  matter  is  inert,  and  cannot  chanQ;e  itai 
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cmditioD  of  reit  or  motiofi  widiODt  the  appHcA- 
ticM  of  flome  force,  acceleration  is  necesssuily  due 
_to  some  Jbrce  outside  the  matter  itself.  A  force 
If  ftcrdbre  be  measured  by  the  acceleration  it 
npftrts  to  a  ^ven  mass  of  matter. 
Acceleration  ii  positive  when  the  velocity  is  in- 
,  and  fte^atwf  when  ft  is  decreasing. 

Aceelemtioii,  I>liueiwioDS  «>f  — The 

:  of  the  acceleration  expressed  in  terms 
:  tbr  length  or  of  distance  by  the  lime.  (See 
t€iH*raHm,  Unit  of.) 

AireleniUoiL.   Unit  of That  ac- 

tleraiion  which  will  g^ve  to  a  body  unit- 
^lociiy  in  unit-time;  a^,  for  cKample,  one 
QUiDctiv-per-second  in  one  second. 
Bodies  falling  freely  in  a  vaciitmit  and  ap« 
prOQUnutelj  so  in  air,  acquire  an  acceleration 
wliich  hi  Paris  or  London,  at  the  end  of  a  second, 
UDouDls  to  about  9$ I  centimetres  per  secofidt  or 
QCfttly  32*2  ft  per  second. 


Tk£  ^eeltraii^n  equals  the  vel&ciiy  divided  by 
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i  velocity  equals  the  Distance,  or  the 

L 


I  in  a  Unit  of  Time,  V  = 


f 


Tpcwiuresi  A  ^  ;;&  ==  - 
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=  ^-  •  or 


f  ^a4(*ratiaH  equals  the  lengthy  or  the  dis- 
pi  Bed  through,  divided  iy  the  square  of  the 
r  im  leitmds, 

fotmvlm  represent  the  DimeHstans  of 
~At€fUrmtiam^ 

Al)e«IBllUtM  Electricity.— (See  EleetrU 
Aicumuiated,) 

Aecmmilatliif  Electricity.— (Sec  EUctri- 
y,  AtcmmmlmiiHg,) 

Aceaiutiljitltm  of  Elc^etrlcity.— (See  EUc- 
Yuity,  Accitmulatiom  of.) 

AcraiiiiiUf4>r.— A  word  sometimes  applied 
'  appanUus  in  which  the  strength  of  a 
It  is  increased  by  the  motion  past  it  of  a 
conductorp  llie  currents  produced  in  which 
taftd  to  strengthen  and  increase  the  current 
nkidl  OM1C5  Ibe  induction. 


The  word  accumulator  is  sometime  applied  to 
Sir  Wm.  Thomson's  Eleetrie  Current  Actumu^ 

iator 

Current  accumulators  operate  on  the  reaction 
principle  of  dyDamo-clectric  machines.  In  this 
sense,  therefore,  a  dynamo^dectric  machine  is  an 
accumulator.  (See  Machine^  Dynamo* Electriiy 
Reaeti&m  I^meiple  fff,) 


/IGf  .  #. 
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The  copper  disc  D,  Fig*  2^  has  freedom  of 
rotation,  on  a  horiiootal  axis  at  0»  in  a  magnetic 
field,  the  lines  of  force  of  which,  represented  by 
the  dotted  lines  in  the  drawing,  pass  downward 
perpendicularly  into  the  plane  of  the  paper. 

Ii,  noWf  a  current  from  any  source  be  passed 
in  the  direction  A,  O,  B,  C,  A,  thfough  the  circuit 
A»  O,  B^  C,  A,  which  is  provided  with  spring 
contacts  at  O,  and  A,  the  disc  will  rotate  in  the 
direction  of  the  ctirved  arrow.  This  motion  is 
due  to  the  current  acting  on  that  part  of  the  disc 
which  lies  between  the  two  contacts — A  and  O. 
This  apparatus  is  known  as  Bar  term's  Wheel, 

If,  when  no  current  is  passing  through  the 
circuit,  the  disc  be  turned  in  the  direction  of  the 
arrow,  a  current  is  set  up  in  such  a  direction  as 
would  oppose  the  rotatfon  of  the  disc.  (See 
LaWy  Lent's,) 

If,  however,  the  disc  be  tamed  in  the  opposite 
direction  to  tliat  of  the  arrow,  induction  currents 
will  as  before  be  produced  in  the  circuit.  As 
this  rotation  of  the  disc  tends  to  move  the  circuit 
O  A,  towards  the  parallel  but  oppositely  directed 
circuit  B  C,  these  two  circuits  being  parallel  and 
in  opposite  directions  tend  to  repel  one  another, 
and  there  will  thus  be  set  up  induced  currents 
that  tend  to  oppose  the  motion  of  rotation,  and 
the  cmrent  of  the  drcuit  will  therefore  increase 
in  strength.  (See  Dynamics^  Electro.)  Should 
then  a  current  be  started  in  the  drcuit,  and  the 
ori^nal  fi^A  be  removed,  the  induction  will  be 
continued,  and  a  current  which,  up  to  a  certain 
extent,  increases  or  accumulates,  is  maintained  in 
the  drcuit  during  rotation  of  the  disc .     ( Larden, ) 

Barlow's  Wheel,  when  used  in  this  manner,  b 
known  as  Th^mtffft*s  Eiectrie  CmrretU  Accmmtt* 
iaior. 
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Aceiiiuulator. — A  word  often  applied  to 
a  Le>'den  jar  or  condenser,  which  pemiits  ihe 
gradual  collection  from  an  electric  source  of 
a  greater  charge  than  it  would  otherwise  be 
capable  of  containing. 

A  condenser.     (See  Condenser^ 

The  ability  of  a  source  to  acctimula.te  an  in- 
creased ch^ge  when  connected  to  a  condenser  is 
due  to  the  increased  capacity  which  a  plate  or 
other  conductor  acquires  when  placed  near 
another  plate  or  conductor.  (See  C^mdinsrr, 
7a  r,  Ley  den.) 

Ae^iuttnlat^r,    Capacity    of ^The 

capacity  of  a  condenser,  expressed  in  tnicro- 
farads.     (Sec  Condtnser,  Capacity  of,) 

Aecunmlator  or  Conden&er ;  Laws  of  Ac- 
cuiunlatloti  of  Electricity.— Sir  W.  Snow 
Harris,  by  the  use  of  his  Unit*Jar  and  Elec- 
tric Thermomelen  deduced  the  following 
laws  for  the  accymulalion  of  electricity,  which 
we  quote  from  Noad's*'  Student's  Text- Book 
of  Electricity,"  revised  by  Preece : 

(1.)  **  EquaJ  quantities  of  electricity  are  given 
off  at  each  revolution  oi  the  pjate  of  an  electrical 
machine  to  an  uiuhargtd  stir/nee,  or  to  a  surface 
tkitrged  to  any  degree  of  saturation/* 

(2, )  "A  coated  surface  receives  equal  quantities 
of  electricity  in  equal  times ;  and  the  number  of 
revolutions  of  the  plate  is  a  fair  measure  of  the 
relative  quantities  of  electricity,  all  other  things 
remaining  the  same/* 

(3. )  * '  The  free  action  of  an  electrical  accumula- 
tion is  estimated  by  the  interval  it  can  break 
through,  and  is  directly  proportional  to  the  quan- 
tity of  electricity." 

(4.)  **Thc  free  action  is  inversely  proportional 
to  the  surface," 

(5,)  ♦*  When  the  electricity  and  the  surface  are 
increased  in  the  same  ratio^  the  discharging  in- 
terval remains  the  same  ;  but  if,  as  the  electricity 
is  increased,  the  surface  is  diminished^  the  dis- 
charging interval  is  directly  as  the  square  of  the 
quantity  of  electricity," 

(6.)  **  The  resistance  of  air  to  discharge  is  as 
the  square  of  the  density  directly." 

According  to  some  later  investigations,  the 
quantity  a  plane  surface  can  receive  under  a  given 
density  depends  on  the  linear  boundary  of  the 
surface  as  well  as  on  the  area  of  ihe  surface. 

''The  amount  of  electrical  charge  depends  on 


surface  and  linear  extension  conjointly.    There 
exists  in  every  plane  surface  what  may  be  termed 
an  eUctrieal  boundary ,  having  an  important  rela* 
tion  to  the  grouping  or  disposition  of  the  electric  ^ 
particles  in  regard  to  each  other  and  to  surround mg  H 
matter.     This  boundary  in  circles  or  globes  is  ~ 
represented  by  their  circumferences.     In  plane 
rectangular  surfaces^  it  is  by  their  linear  extension 
or  perimeter.     If  this  boundary  be  constant,  thetr 
electrical  charge  varies  with  the  square  nwt  0/ 
ihe  surface .     If  the  surf  ate  be  constant  the  charge 
varies  with  the  square  ro9t  of  the  b&imdary,     M 
the  surface  and  boundary  both  vary,  the  charge 
varies  with  the  square  root  of  the  surface  multi- 
piled  into  the  square  root  of  the  boundary.*''  h 

These  laws  apply  especially  to  continuous  sur-  H 
faces  taken  as  a  whole,  and  not  to  surfaces  divided 
into  separate  parts. 

By  elecnical  charge  Harris  meant  the  quantity 
sustained  on  a  given  surface  under  a  given  elec- 
trometer indication  ;  by  electrical   intensity,    he  | 
meant  the  indication  of  the  electrometer  corre- 
sponding to  a  given  quantity  on  a  given  surface. 

(Sec  Condenser ^  Capacity  of  Capacity^  Elec- 
trostatic.     Capacity ^  Specific  Inductive. ) 

Accumulators  of  this  character  are  now 
generally  called  Condensers.  (For  more  modem 
prindplea  concerning  their  construction  and 
capacity  see  Condenser.    Condenser ^  Capacity  tff.) 

Aeeittiiulator,  Secoudary  or  Storage 
Cell Two  inert  plates  partially  sur- 
rounded by  a  fluid  incapable  of  acting  chem- 
ically on  either  of  them  until  after  the  passage 
of  an  electric  current,  when  they  become 
capable  of  furnishing  an  independent  electric 
current. 

This  use  of  the  term  accumulator  is  the  one 
most  commonly  employed.  A  better  term  for 
such  a  cell  is  a  secondary  or  storage  cell.  (See 
O//,  Secondary  or  Storage,) 

Commercially,   an  accumulator  consists   of  a 
single  jar  and  its  electrolyte,   in  which  a  single 
set  of  positive   and   negative  plates  is  properly    ^ 
placed*  fl 

Acenmnlator,     Wat^r-Dmppln^ —       ' 

An  apparatus  devised  by  Sir  W,  Thomson  for 
increasing  the  difTerence  of  potential  between  fl 
two  electric  charges,  V 

The  tube  X  Y,  Fig.  5,  connects  with  a  reser- 
voir of  water  which  is  maintained  at  the  zero 
potential  of  the  earth.    The  water  escapes  from 
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the  openings  at  C  and  D,  in  small  drops  and  falls 
an  funnels  provided ^  as  shown,  to  receive  the 
separate  drops  and  again  discharge  them. 

The  vessels  A,  A',  and  B, 
_B,    which   are    electrically  X    I    V 

cted   as   shown,   are 
ftamtalDed  at  a  certain  small  A  %[\ 
I   of   potential,    as 
Ucated  by  the  rcipective 
4-  *nd  —  signs. 

Under    these    c  i  r  c  u  m  - 
stances,  therefore,  C  and  D,       A  t 
will  be  charged  inductively  ^'^-J-     H^^t^Drop- 

With      charges      opposite     to     >*"'^'  Accumulator. 

those  of  A  and  B»  or  with  —  and  4-  electricitie-s 
respectively.  As  the  drops  of  water  fall  on  the 
funnels,  the  charges  which  the  funnels  thus  con- 
stantly receive  are  given  up  to  B'  and  A\  before 
the  water  escapes.  Since,  therefore,  B,  B\  and 
A,  A',  are  receiving  constant  charges,  the  differ - 
esicc  ol  potential  between  them  must  continually 
increase.  This  apparatus  operates  on  the  same 
principle  as  the  repleniaher.  The  drops  of  water 
act  as  the  carriers,  and  A,  A',  and  B,  B',  as  the 
hollow  vessels.     (Sec  Repimisher:\ 

^H    Atlirotnatlc. — Free  from  false  coloration. 

^"  Images  formed  by  ordinary  lenses  do  not  pos- 
sess the  true  colors  of  the  object,  unless  the  edges 
of  the  lenses  arc  cut  off  by  the  use  of  a  diaphragm ; 
f.  /..  an  opaque  plate  with  a  central  circular 
opening.  The  edges  of  the  lenses  disperse  the 
light  bkc  an  ordinary  pn'sm,  and  so  produce  rain- 
bow colored  (prismatic)  fringes  in  the  image. 
The  use  o(an  achromatic  lens  Is  to  obviate  this 
false  coloration. 

Aehromafizahle. — Capable  of  being  freed 
from  false  coloration. 

^AeJlrf»ln«tize. — To  free  from    false  color- 
ion. 
Aehnimatizinijr. — Freeing  from  false  color- 
«iiort* 

Aeliit  8fM!nt A  battery  acid,  or  other 

id.  that  has  become  too  weak  for  efficient 

n. 
In  a  voltaic  cell  the  add  of  the   electrolyte 
becoBCs  spent  by  combining  with  the  metal  of 
positive  plate. 

Acldometer. — A  special  form  of  hydrom- 

Qtfcd  in  determining  the  specific  gravity 

tilt  acid  liquid  in  a  secondary  or  storage 


cell.     {Set  Artomtier  or  HydrGmeter^     CdL 

Storage.) 

The  scale  on  the  acidometer  tube  is  made  to  in- 
dicate the  density  according  to  the  distance  the 
floating  instrument  sinks  in  the  Liquid. 

AcUnii*  Line.— (See  Line,  Aclinic:^ 

Acoastic  Ah*M>rptioii. — (See  Absorption^ 
AcausUe.) 

Aeonstie  EnirraYlii^. — (Sec  Engravit^^ 
Acoustic^) 

Aeonstie   Telegrraphy. — (See  Telegraphy^ 

Acoustic) 

Aconstie  Tetanim. — (Sec  Tetanus,  Acous^ 

tic:) 

Aeout4^met«r»  Electric  ^—  — An  ap- 
paratus for  electrically  testing  the  delicacy  of 
hearing. 

The  Acoutcmcter  is  one  of  the  many  applica- 
tions of  Hughes*  sonometer.  It  consists  of  three 
flat  coils  placed  parallel  to  one  another  on  a  grad- 
uated rod,  passing  through  their  axes*  The 
central  coil,  which  is  used  as  the  primary  of  an 
induction  coil,  is  fixed.  The  other  two,  which  arc 
employed  as  secondary  coils,  arc  movable.  (See 
Sonometer^  Hughes^,  Cml,  IndiuHon,  Micro* 
photie.)  A  microphone,  electrical  tuning  fork, 
switches,  plugs,  and  other  accessories,  are  suitably 
placed  and  connected.  The  subject  whose  hear- 
ing is  to  be  tested  is  placed  with  hia  back  to  the 
apparatus,  and  with  two  telephone  receivers  tightly 
fixed  to  his  ears.  As  various  sound  s  are  prod  uced , 
the  outer  or  movable  coils  are  moved  gradually 
away  from  the  central  coil,  until  no  sound  is 
heard  in  the  telephone  receivers.  This  disiance 
is  in  the  inverse  ratio  of  the  delicacy  of  hearing  of 
the  mdividual. 

Actinic!  Photonietar.^ — (Sec  Photometer^ 
Actinic) 

Actinic  Ray*— (See  Ray,  Aeiinic.) 

.ictini^m. — The  chemical  effects  of  light, 
as  manifested  by  the  decomposition  of  various 
substances. 

Under  the  influence  of  the  sun*s  light»  the  car- 
bonic acid  absorbed  by  the  leaves  of  plants  is  de- 
composed in  the  living  leaves  into  carbon,  which  ia 
retained  by  the  plant  for  the  formation  of  its 
woody  fibre  or  ligneous  tissue^  and  oxygen,  which 
is  thrown  off. 


let] 

The  bleachinf  of  curtains,  carpets,  and  other 
fabrics  CTtposed  to  sunlight  is  caused  by  the  actimc 
power  of  the  light.  The  photographic  picture  is 
impressed  by  the  actinic  power  of  light  on  a  plate 
covered  with  some  sensitive  metallic  salt, 

Actiao^rftpki. — An  apparatus  for  measur- 
ing and  recording  the  JQtensity  of  the  chemi- 
cal effects  of  light. 

Aetiuogrraplij. — The  method  of  measuring 
and  recording  the  intensity^  of  the  chemical 
effects  of  light. 

Actinometer. — A  word  sometimes  applied 
to  a  p}Theliomeier.     (See  Pyrheiiomettr.) 

Actfnometer,  Eleetrie  ^—  —An  appa- 
ratus for  electrically  measuring  the  intensity 
of  the  chemically  active  rays  present  in  any 
luminous  radiation. 

The  i^j%  &om  the  luminous  source  are  per. 
mitfced  to  &I1  on  at  selcnitim  resistance,  and  their 
iateoiity  determiDed  by  the  change  observed  in 
the  resistance  as  indicated  by  the  deHections  of  a 
galvanometer  placed  in  drciut  with  the  sdenium 
resistance.  Or,  a  thermo-electric  pile  is  empioycd, 
ojid  the  amoutit  of  heat  present  determined  by  the 
indkatioiis  of  a  galvmometcr  placed  in  its 
circuit. 

Aetlan,    ftttaphorie  — ^The     action 

of  electric  osmose  or  cataphoresis.  (See 
Cataphoresis:) 

Ai'tiun  Carreiits.— (See  Currents^  Actum:) 

ActioD,    ImltietiTe,    LIims     »f  — 

Lines  within  the  space,  separating  a  charge 
and  a  neighboring  body,  along  which  elec- 
trostatic inductive  action  takes  place. 

Lines  of  electrostatic  force. 

Lines  of  inductive  action  pass  through  the 
dielectric^  separating  the  two  l»odies,  and  termi- 
nate on  the  surges  of  the  conductor.  According 
to  the  now  generally  received  notions,  the  elec- 
trostatic charge  ejtists  in  the  mass  of  the  dielectric, 
and  not  in  that  of  the  conductor.  The  lines  of 
inductive  action  terminate  against  the  surfaces, 
one  at  the  positive,  and  the  other  at  the  negative 
sur&ce.  A  true  E.  M,  F,  exists  in  the  space 
traversed  by  lines  ol  inductive  action.  A  con- 
ductor brotight  into  this  space  becomes  electri- 
fiedi  or  IS  strained  in  such  a  manner  that  a 
mooicntary  current  is  produced  by  the  reairange- 
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ment  of   the    electrificaUon    brought  aboat  by  H 

electrostatic  induction. 

Action^  Locali  of  Dytuumo-ElectHc  Ma- 
chine   The  loss   of  energy  in   a   dy* 

namo-electric  machine  by  the  setting  up  of  ^ 
eddy  currents   in  its  pole  pieces,   cores,  or  | 
other  conducting  masses.       (Sec   Currtmis* 
Eddy.) 

In  a  dynaoQO-electric  machine  local  actiott  Is  H 
ohvis^i^hy  s^iaminafianii/ tA^pcie  piecfs^  arma*  ~ 
(ur£  corf^  tic.    (See  Cort^  Lamination  of, ) 

Action,  Local,   of  TolUie    €«U ■ 

An  irregular  dissolving  or  consumption  of  the 
;tinc  or  positiv^e  element  of  a  voltaic  battery,  by 
the  fluid   or  electrolyte,  when   the  circuit  is 
open  or  broken,  as  well  as  when  closed,  or  in        i 
regular  action.  ■ 

Local  action  is  due  to  small  particles  of  such 
impurities  as  Carlton^  iron,  arseniCf  or  other 
negative  elements,  in  the  positive  plate.  These 
impurities  form  with  the  positive  element  minute 
voltaic  couples,  and  thus  direct  the  corrosive 
action  of  the  liquid  to  portions  of  the  plate  near 
them.  Local  action  causes  a  waste  of  energy. 
It  may  be  avoids  by  the  amalgamatioa  of  the 
zinc.     (See  Zahc^  Amalgamation  of,) 


Aetion,  Jliigiie<^^taUJc  - 


-A   term 


proposed  by  Faraday  to  express  differences 
in  the  action  of  magnetism  on  crystailine 
bodies  in  different  directions. 

A  needle  of  tourraaUnc,  if  hung  with  its  aro 
horizontal^  is  no  longer  paramagnetic,  as  ifsualt 
but  diamagnetic.  The  same  is  true  of  a  crystal 
of  bismuth.  Faraday  concluded  from  these  ex- 
periments that  a  force  existed  distinct  from  either 
the  paramagnetic  or  the  diamagnetic  force.  He 
called  this  the  magne  cry staiUc  force, 

Placker  infers  from  these  phenomena  that  a 
de6nite  n^lation  exists  between  the  ultimate  form 
of  the  partiiUs  of  matter  and  their  magnetic  be- 
havior. The  subject  may  be  regarded  as  yet 
somewhat  obscure.    {^&t  Polarity ^  Diamagnetic,) 

Action  of  A  €arr«ut  on  «  Mik^oetic  Pole, 
— (See  Current,  Action  &f,  on  a  Magtuiic 

pou:) 

Action,   RefreslUiig,  of  Cturent— ^  — 

The  restoration,  after  fatigue,  of  muscular  and 
nervous  excitability  obtained  by  the  acUon  of 


i 


Toicak  aJUmatives.     (Sec  Aliernaiivts,  Voi- 

AdlYttj. — The  work  done  per  second  by 
ly  agent.  (This  term  is  but  seldom  used.) 
Work-pcr-second,  or,  as  generally  termed 

in   the   United   States,   Power,  or   Rate  of 

Doing  Work.     (See  Ftnuer.) 

Artliit)\  UuU  of — —  — Arate  of  work- 
ing that  will  perfonn  one  unit  of  work  per 
second. 

In  C.  G.  S*  units,  the  act'rvity  of  one  erg  per 
second. 

Tlie  C  G.  S.  uDit  of  activity  is  very  small. 
One  IVmii^  the  practical  unit  of  activity  or  power, 
is  eqittl  to  ten  millton  ergs  per  second.  (See 
IVatt.) 

The  unit  of  actiWty  generaUy  used  for  oiechan- 
kal  power  is  the  horse-power^  or  746  watts. 
(See  fUru- Power.) 

H  Aetnal  Cautery.— (Sec  Cautery,  Actual) 
^B  Aenl^  Angle.— (See  Angle,  Acuit,) 
^H  Aiifiler* — A  screw  nozzle  fitted  to  an  elec- 
^Rnc  binp,  provided  with  a  screw  thread  to  en- 
^nbk  it  to  be  readily  placed  on  a  g^  bracket 
^^K^  chandelier  in  place  of  an  ordinary  gas 
^BBoiTier, 

^1     Adhereaee. — ^The  quality  or   property  of 
adhering.     (See  Adktsion^) 

Adher^nee*  Maf  netic Adhesion  be- 
tween surfaces  due  to  magnetic  attraction. 

Ilaf netic  adhesion  has  been  applied,  among 
odier  tlliiigf,  to  a  brake  action  on  car  wheels, 
eitber  hy  cauang  them  to  adhere  directly  to  the 
I      track  or  to  a  brake- block, 

^B  AdJieflloil. — The  mutual  attraction  which 
^BrxJsts  bet^^'ecn  unlike  molecules.  (See  At- 
^Mirat/iim,  MoUcular,) 

^B  The  phenomena  of  adhesion  arc  due  to  the 
^B'^^*^^  attraction  of  dissimilar  molecules. 

Adliaalait*  Eleetrie Adhesion  be- 
tween surfaces  due  to  the  attraction  of  unlike 
eioctrostatic  charges, 

Maleoilar  adhesion  must  t»e  distinguished  from 
the  iltiactson  which  causes  a  piece  of  dry  and 
Paiuiid  vntiDg  paper,  that  has  been  rubbed  by  a 
pieoe  of  india-rubber,  to  stick  to  a  papered  wall. 
la  this  latter  caae  the  attraction  between  the  wall 


and  the  paper  Is  due  to  the  mutual  alLractioo  of 
two  diijsimilar  electrostatic  charges.  Molecular 
adhesion  must  also  be  distinguished  from  the  at- 
traction of  opposite  magnetic  poles. 


Adheflion,  GatTaRoplat$tic  • 


-The  ad- 


hesion of  a  gal  van  op  last  ic  deposit  or  coating 
to  surfaces  subjected  to  electroplating.  (Sec 
Plating,  Electro,) 

Adiatbermaacy, — Opacity  to  beat. 

A  substance  is  said  to  be  diaik€rman&ua  when 
tt  is  transparent  to  heat.  Clear »  cotorless  crys» 
tals  of  rock  salt  are  very  transparent  Iwth  to  light 
and  to  heat  Rock  salt,  covered  with  a  layer  or 
depoat  of  lampblack  or  soot,  is  quite  transparent 
to  heat  An  adiaihermanous  body  is  one  which 
is  opaque  to  heat. 

Heat  transparency  varies  not  only  with  differ- 
ent substances,  but  also  with  the  nature  of  the 
source  from  which  the  heat  is  derived.  Thus,  a 
substance  may  be  opaque  to  hcit  from  a  non* 
luminous  source,  such  as  a  vessel  Hlled  with  boil- 
ing  water ^  while  it  is  comparatively  transparent 
to  hfat  &om  a  tumioous  source^  such  as  an  incan- 
descent solid  or  a  vottaic  arc. 

A  similar  difTerence  exists  as  regards  trans  par- 
ency  to  light.  A  colorless  glass  will  allow  light 
of  any  color  to  pass  through  it  A  blue  glass  will 
allow  blue  Ught  to  pass  freely  through  it*  but  will 
completely  prevent  the  passage  of  any  red  light; 
and  so  with  other  colors. 

Adiiithprinuule. — Possessing  the  quality  of 
adiathcrmancy.     (See  Atiitit/wrmancy.) 

AilJttMtiible  Coiideaser. — (.See  Cond^^n^^r. 
AdjuUabli^ 

Adjuster,  Cord A  device  for  ad- 
justing the  length  of  a  jiendant  cord. 

Adju!!jtuieut. — Such  a  regulation  of  any 
apparatus  iis  will  enable  it  to  properly  perform 
its  functions, 

£plnit£i'  Cottdeiiiior,— (See  Condenser, 
^'Epi'niis\) 

Atrial  Cabl«*.— (Sec  Cable,  Aerial) 

Aerial  Cable.  Siwp<?ndFn^  Wire  of^ 

(Sec  ll^ire,  Suspi'rtding,  of  Ai-riiil  Cable,) 

Aerial  Line, — (Sec  Line,  AeriaL) 

Aero1M<*s. — A  name  soiuctimcs  given  to 
meteorites. 

Meteorite*  are   masses  of  solids  which  pass 
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through  the  upper  portions  only  of  the  earth's 
atmosphere  on  their  approach  to  the  orbit  of  the 
earth,  or  which  (all  through  the  air  on  the  earth's 
surface  from  the  sky.  They  are  luminous  at 
night  and  are  followed  by  a  train  of  fire.  The 
luminosity  is  due  to  heat  produced  by  friction 
through  the  air.  Meteors  frequently  burst  from 
the  sudden  expansion  of  their  outer  portions. 

Some  meteorites  are  composed  of  nearly  pure 
iron  alloyed  with  nickel.  The  majority  of  them, 
however^  arc  merely  stones  or  oxidized  sub- 
stances. Their  average  velocity  is  about  26  miles 
a  second. 

— Atomic  attrac* 


AJllnitj,  Chemical  — 

tion. 

The  force  which  causes  atoms  to  unite  and 
form  chemical  molecules. 

Atomic  or  chemical  attraction  generally  results 
in  a  loss  of  the  characteristic  qualities  or  proper- 
ties which  distinguish  one  kind  of  matter  from 
another-  In  this  respect  chemical  affinity  differs 
from  adheii&ny  or  the  force  which  holds  unlike 
molecules  together.  (Sec  Adhesion.  Attractions 
Molecular,)  If,  for  example,  sulphur  is  mixed 
with  lampblack,  no  matter  how  intimate  the 
mixture,  the  separate  particles,  when  examined 
by  a  magnifying  glass,  exhibit  their  peculiar  color, 
lustre,  etc.  If,  however,  the  sulphur  is  chemi- 
cal ly  united  with  the  carbon,  a  colorless,  transpar- 
ent, mobile  liquid,  called  carlxjn  bisulphide,  re- 
sults, that  possesses  a  disagreeable,  penetrating 
odor. 

Chemical  affinity,  or  atomic  combination,  ts  \n 
fluenced  by  a  variety  of  causes,  viz.: 

(I.)  Cohesion,  Cohesion,  by  binding  the  mole- 
cules more  finnly  together,  opposes  their  mutual 
atomic  attraction. 

A  solid  rod  of  iron  will  not  readily  burn  in  the 
f!ame  of  an  ordinary  lamp;  but,  if  the  cohesion  be 
overcome  by  reducing  the  iron  rod  to  Blings,  it 
bums  with  brilliant  scintillations  when  dropped 
into  the  same  flame.  In  this  case  the  increase  of 
surface  and  the  increased  temperature  of  the 
smaller  particles  also  contribute  to  the  result. 

(2.)  Solution.  Solution,  by  giving  the  molecules 
greater  freedom  of  motion,  (avors  their  chemical 
combination. 

(3,  J  ifgat.  Heat  sometimes  favors  atomic  com- 
bination possibly  by  decreasing  the  cohesion,  and, 
possibly,  by  altering  the  electrical  relations  of  the 
atoms.  If  too  great,  heat  may  produce  decom- 
position.    There  is  for  most  substances  a  critical 


temperature  below  which  chemical  combinatioii 
will  not  take  place.     (See  Tkermolyns,) 

(4,)  U^ht,  Decompositiori,  or  the  lessening  of 
chemical  affinity,  through  the  agency  of  light*  is 
called  Actinism,  Light  also  causes  the  direct 
combitiation  of  suhstances.  A  mixture  of  equal 
volumes  of  hydrogen  and  chlorine  unites  explo- 
sively when  exposed  to  the  action  of  full  sunlight. 
(See  Aciinism.) 

(5.)  ElectriHiy,  An  electric  spark  will  cause 
an  explosive  combination  of  a  mixture  of  oxygen 
and  hydrogen.  Electricity  also  produces  chemi- 
cal decomposition,     (Sec  Electrolysis,) 

Hclmholtz  accounts  for  the  elcctro-chemical 
attraction  of  oxygen  for  tine  by  supposing  that  all 
substances  possess  a  definite  amount  of  attraction 
for  electricity,  and  that  the  attraction  of  zinc  in 
this  respect  cxoeeds  that  of  copper  and  the  other 
metals.  He  thus  regards  the  iinc  as  attracting 
its  electric  charge  rather  than  as  attracting  the 
oxygen.  Since  both  zinc  and  copper  are  dyad 
metals,  this  view^  as  will  be  seen,  is  at  variance 
with  later  views. 

Chemical  aftinity  may  be  caused  by  the  opposite 
attractions  of  electrical  charges  naturally  possessed 
by  the  atoms  of  matter.  This  would  appear  tu  be 
rendered  probable  by  the  law  of  electro- chemical 
equivalence.  (See  Eqmvaience^  Electro-Chemicai^ 
Law  of.     Electricity s  Atom  of,) 

.\lt«r  Ciirreute. — (See  Currcnis,  After,) 

Aglii^  of  Alcohol,   Electric (Sec 

Alcohol^  Electric  Agittg  of,) 

Agonal.— Pertaining  tu  the  agone.  (See 
Agone,) 

Ag^otie. — A  line  connecting  places  on  the 
earth's  surface  where  the  magnetic  needle 
points  10  the  true  geographical  north. 

The  line  of  no  declination  or  variation  of 
a  magnetic  needle.  (See  NeedU,  Magnetic^ 
Declination  of^ 

As  all  the  places  on  the  earth  where  the  mag- 
netic needle  points  to  the  true  north  may  be  ar- 
ranged on  a  few  lines,  it  will  be  understood  that 
the  pointing  of  the  magnetic  needle  lo  the  true 
geographical  north  is  the  exception  and  not  the 
rule.  In  many  places,  however,  the  deviation 
from  the  true  geograpical  north  is  so  ?-maU  that 
the  direction  of  the  needle  may  be  regarded  as 
approximately  due  north. 

Agonic* — Pertaining  to  the  agone. 
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Alr-Blast  for  Commatfttors, — An  inven- 
£>n  of  Pnof.  Elihu  Thomson  to  prevent  the 
Ijurious  action  of  destructive  flashing  at  the 
Dmmutator  of  a  dynamo-electric  machine. 
A  thin,  forcible  blast  of  air  is  delivered  through 
suitable  tubes  at  points  on  the  three- part  commu- 
tator cylinder  of  the  Thomson- Houston  dynamo, 
rhere  the  collecting  brushes  bear  on  its  surface. 
be  effect  is  to  blow  out  the  arc  or  prevent  its  for- 
bation  and  thus  avoid  its  destrucitve  action  on 
1  the  commutator  segments.  The  use  of  the  ahr- 
blast  mlsQ  permits  the  free  application  of  oil,  thus 
f^yther  avoiding  wear. 

i ' 

I         Tbe  falast-nosxlcs  are  shown  at  B",  B*,  Fig.  4, 
near  the  collecting  brushes. 

The  air-supply  is  obtained  from  a  blower  at- 
tached directly  to  the  shaft  of  the  machine.  Its 
coDstructiom  and  operation  will  be  readily  under- 
stood from  an  inspection  of  Fig.  5,  in  which  the 


is   removed  for  ready   examination   of  the 
nor  parts. 

Air  duumlii^.— (See  Ckurnmg.  Air.) 
Air  Coailenj«er.— (See  ComUnser,  Air,) 
Air  Fleld.—<See  Ft'M,  Air.) 
Alr€A|iv— (Se«  Gap,  Air.) 
Alr-UiK'  Wlre^Scc  IVirg,  Air^Lin^:) 
Air  ^'  ir  Circnit— (See  Circuit,  Air 

M^r, 

Alr*Fnjll|iy^(See  Pumf,  Air,) 

Alr-Pamp,  Oelswler'ft   If erciarf&l — 

\  Pmmp,  Air,  GeissUr*s  Mercurial,) 


Atr-Pu!iip,  Mechanical  — (See  Pump, 

Air,  Mechanical^ 

Air-Pump,  Merciiria! (Sec  Pump^ 

Air,  Mercurial.) 

Atr-Pamp,  Sprengeri^  Mercurial 

(See  Pump,  Air,  Sprengets  Mercurial) 

Alr^Space  Cut-Oiil— (Sec  Cut-Out,  Air- 
space,) 

Alarm,  Burglar A  device,  generally 

electric,  for  automatically  announcing  the 
opening  of  a  door,  wndow,  closet,  drawer,  or 
safe,  or  the  passage  of  a  person  through  a 
hallway,  or  on  a  stairway. 

Electric  burglar-alarm  dev^ices  generally  consist 
of  mechanism  for  the  operation  of  an  automatic 
make  and -break  tjell  on  the  opening  or  closing  of 
an  electric  circuit  The  bell  may  either  continue 
ringing  only  while  the  contact  remains  closed,  or^ 
may,  by  the  throwing  on  of  a  local  circuit  or 
battery,  continue  ringing  until  stopped  by  some 
non-automatic  device,  such  as  a  hand-switch. 

The  alarm-bell  is  stationed  cither  in  the  house 
when  occupied,  or  on  the  outside  when  the  house 
is  temporarily  vacated,  or  may  connect  directly 
with  tbe  nearest  police  station. 

Burglar-alarm  apparatus  is  of  a  variety  of 
forms.  Generally,  devices  are  provided  by  means 
of  which,  in  case  of  house  protection,  an  annunci- 
ator shows  the  exact  part  where  an  entrance  has 
been  attempted,  (Sec  Anmmiiatar,  Burglar- 
Alarm.)  Switches  are  provided  for  disconnecting 
all  or  parts  of  the  house  from  tke  alarm  when  so 
desired,  as  well  as  to  per- 
mit windows  to  be  partly 
raised  for  purposes  of  ven- 
tilation without  sounding 
the  alarm.  A  clock  is  fre- 
quently connected  with  the 
alarm  for  the  purpose  of 
automatically  disconnect- 
ing any  portion  of  the 
house  at  or  tor  certain  in- 
tervals of  time. 

Fig.  6  shows  a  burglar^ 
alarm  with  annunciator, 
switches,  switch-key,  cut-off^  and  clock. 


Fig'.  6.    BurgUr-AlArm 
AnnuiuiAiar* 


Alarm,  Burglar,  Central -Statton 


A  byrglar-alarm,  the  contact  points  of  which 
are  placed  in  the  places  to  be  protected,  and 


Ala.] 


12 


[Aku 


connected  by  suitable  circuits  with   alarms 
placed  in  a  centrally  located  station. 

In  a  system  of  central-statioxi  burglajr-alarms,  a 
number  of  houses,  factories,  banks,  etc*,  are  all 
connected  telegraphically  witli  the  nearest  police 
stadoiif  or  other  central  station,  constandy  pro- 
vided with  police  ofiicersw  A  series  of  contacts  are 
placed  on  doors,  windows^  safes  and  money  draw- 
ers, and  connected  with  alarms  and  annunciators 
placed  in  the  central  station.  An  unauthorised 
entrance^  therefore,  is  automatically  telegraphed 
to  tlie  central  station  and  its  exact  location  indi- 
cated on  the  annunciator.  Systems  of  central- 
stadon  Jire^Hdarms  are  constructed  on  a  similar 
plan. 

Aiariu,  Electric An  automatic  de- 
vice by  which  attention  is  called  to  the  occur- 
rence of  certain  events,  such  as  the  opening 
of  a  door  or  window;  the  stepping  of  a  person 
on  a  mat  or  staircase;  the  rise  or  fall  of  lern- 
perature  beyond  a  gpven  predetermined  point; 
or,  a  device  intended  to  call  a  person  to  a  tel- 
egraphic or  telephonic  instrument. 

Electric -alarms  are  operated  by  means  of  the 
ringing  of  an  electro-magnetic  or  mechanical  bell, 


m 


which  the  alarm  ii  given  by  clock-work,  started 
hy  means  of  an  electric  current 

(2.)  Those  in  which  the  alarm  is  both  set  in  ac- 
tion and  operated  by  an  electric  current. 

In  Fig.  7  is  shown  the  general  construction  of 
an  electrically  started  mechanical  alaxiti.  The 
attraction  of  the  armature  B,  by  the  etectro-nutg- 
nct  A,  moves  the  armature  lever  pivoted  at  C, 
and  thus  releases  the  catch  e^  and  permits  the 
spring  or  weight  connect od  with  the  clock  move^ 
mcnt  to  set  it  in  motion  and  strike  the  bell. 

Electrically  actuated  alarm-bells  are  generally 
of  the  automatic  make-and-break  form.  The 
striking  lever  is  operated  by  the  attraction  of  the 
armafurc  of  an  electro -mag  net,  and  is  provided 
with  a  contact-point,  so  placed  that  when  the 
hammer  is  drawn  away  &om  the  bell^  by  the  ac- 
tion of  a  spring,  on  the  electro- magnet  losing  its 
magnetism,  a  contact  is  made^  but  when  the  haov< 
mer  is  drawn  towards  the  bell  the  contact  is  open- 
ed. When,  therefore,  the  hammer  strikes  the 
bell,  the  circuit  is  opened,  and  the  electro-magnet 
releases  its  armature,  permitting  a  spring  to  again 
close  the  contact  by  moving  the  striking  lever 
away  from  the  bell.  Once  set  into  action,  these 
movements  are  repeated  while  there  is  battery 
power  sufBcient  to  energize  the  magnet. 

In  Fig,  8,  in  which  is  shown  an  electrically  ac- 
tuated alarm-bell,  the  battery  terminals  are  con- 


'  i'L!lJlLliJ!_LlL!i 


/ICf.  y,    EUfiHcAUy  Started  AUcfutmic^i  Alarm. 

which  is  electrically  called  into  action  by  either 
closing  or  opening  an  electric  drciut,  generally 
the  former. 
Electric-alanna  may  be  divided  into  twodassest 

(f,)  BlechanicaUy  oponted  alarms,  or  those  in 


PVg^-  9*    Aut^maiie  M^ke-mnd^Brmk. 

„ected  with  the  right  and  left  hand  binding  >posts^ 
P  and  M.  The  hammer^  K,  is  connected  with  a 
striking  iever^  which  forms  part  of  the  circuity 
and  which  is  attached  to  the  <fni«^rirr^of  the  elec 
tro-magnct  e,  A  metallic  spring,  g,  bears  against 
the  armature  when  the  latter  is  away  from  the 
magnet,  but  does  not  touch  the  armature  when 
it  is  moved  towards  the  magnet  A  small  spring 
draws  the  lever  away  from,  the  magnet  when  no 
current  is  pacing.    The  movements  of  the  anna 
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turc  thus  automaticallj  open  and  close  the  circuit 
of  the  dectro-magnet. 

This  farm  of  makc-and-break  ts  called  ani7v/<?- 

Almrm^  Eleetrlcally  0(>eratod An 

»rm  that  is  maintained  in  operation  by  the 
electric  current,     (See  Alarm ^  Electric:) 

Alamu     Eleetro-Meeliaiilcal  —A 

chanically  operated  alarm  that  is  started 
set  in  operation  by  means  of  an  electric 
Dt.     (See  Alarm^  Electric^ 

Jllarni»    Fire,    Afitmnfltic An  in- 

Irumenl    for  automatically   telegraphing  an 
from  any  locality  on  its  increase  in  tcm- 
iture  beyond  a  certain  predetermined  point. 
Fur -alarms  arc  operated  by  thermostats^  or  by 
^eaiu   of  mercurial  coniacii;   i.    e.,   a  coutact 
I  by  the  expansion  of  a  column  of  mercury, 
Tiermastat.     Cim/att^  M€r(uriQi.) 
la  syUcaa  oi  Jfre-a/arm  ttkgraphs^  the  alarm 
\  automatically  sounded  in  a  central  polio:  sta- 
nd in  the  district  Bre-engine  house.     (See 
«/iv,  Fire-Alarm^) 

Alami«   MorcQrial  Tempcrafare  ^ 

An  iiiMniment  for  automatically  telegraphing 
.III  ^Lirm  by  means  of  a  mercurial  contact  on 
a  pffrdetermined  change  of  temperature. 

The  action  of  mercurial  contacts  is  dependent 

on  the  filCt  that,  as  the  mercury  expands  more 

than  gla«s  tiy  the  action  of  heat»  the  mercury  level 

readies  a  contact-potnt  placed  tn  a  gla^s  tube  and 

tnzs  completes  the  circuit  through  its  own  mas8» 

fhtcb    forms    the    other    or    movable    contact 

\  both  contacte  are  pkccd  on  opposite 

i  ola  lutjc  and  are  closed  when  the  mercury 

'  fcadMt  tbem, 

JdcTCUfial  temperature  or  thermostat  alarms 
are  emptoyed  tu  hot-houses,  incubatorsi  tanks 
liid  iMildiiigi  for  the  purpose  of  mainlaining  a 
ttfllfQirm  temperature. 

JUarm,  Telegraphic Analann-bcll 

caHing   the  attention  of  an  operator  lo 
I  idcgraphic  instrument  when  the  latter  is  of 
:  nooHicoustic  or  needle  type. 
In  acoustic  systems  of  telegraphy  the  soonds 
eWes  arc  generally  sufiident 

Alarm,  Tet«|>lioDic An  alarm-bell 

a  correspondent  to  the  receiving 


These  alarms  generally  consist  of  magneto* 
electric  bells.     (See  Bell,  Magneto-ElectrU,) 

Alarm,  Temperfttare  ^ An    electric 

alarm  automatically  operated  on  a  change  of 
temperature.    (See  Alarm,  Fire,  Automatic  A 

Alaniu    Thermostot —An    electric 

alarm  that  is  thrown  into  action  by  a  thermo- 
stat.    (See  Thermostat,) 

Alarm,  Wator  or    Lli|iild  Level 

A  device  for  electrically  sounding  an  alarm 
when  a  water  surface  varies  materially  from 
a  given  level 

An  electric  bell  is  placed  in  a  circuit  that  is  au- 
tomatically closed  or  broken  by  the  movement  oi 
contact-points  operated  by  the  change  of  liquid 
level. 

A  form  of  electric  alarm  for  a  water-level  is 
shown  in  Fig.  9.  The  float  is  provided  with 
contacts  for  closing  an  electric  circuit,  when  it 
cither  rings  a  bdl,  or,  by  its  action  on  some  form 
of  automatic  cut-oBf,  stops  the  water. 


Fig.  9.        mtUrLtvti  Atmrm.        Ffp,  eo. 

When  arranged  with  a  double  floaty  as  shown 
in  Fig,  10,  the  alarm  may  be  made  to  signal 
either  a  too  high  or  a  too  low  vvater  level* 

Alarm,  Yale-Loek-Hwit€li    Bnrflar 

— An  apparatus  whereby  the  opening  of  a 
door  by  an  authorised  party  provided  with  the 
regular  key  will  not  sound  an  alarm,  but  any 
other  opening  will  sound  such  alarni. 

A  Yale-lock  burglar*  alarm  switch  is  shown  in 
Fig.  II. 

Ateohol.  Eleetrfc  Airinir  of A  pro- 
cess for  the  rapid  aging  of  alcohol,  by  vx- 


Ale] 

posing  it  to  the  action  of  electrically  produced 
ozone. 

Instead  of  the  ordinary  process  of  a^ing  alco- 
liol|  by  exposing  it  in  partially  closed  vessels  to 
the  action  of  air,  it  is  exposed  to  the  action  of 
ozone p  electrically  produced. 

Ttie  ozone  employed  is  obtained  in  substan- 
tially the  usual  way  by  the  passage  of  a  rapid 
succession  of  electric  sparks  through  air. 

Alcohol,  Ele^trk  Reetineation  of ■  — 

A  process  whereby  the  bad  taste  and  odor  of 
alcohol,  due  to  the  presence  of  aldehydes, 
are  removed  by  the  electrical  conversion  of 
the  aldehydes  into  true  alcohols  through  the 
addition  of  hydrogen  atoms. 

An  electric  current  sent  through  the  liquid 
between  zinc  electrodes  liberates  oxygen  and  hy- 
drogcn  irom  the  decomposition  of  the  water. 
The  nascent  or  atomic  hydrogen  converts  the 
aldehydes  into  alcohol  and  deprives  the  pro- 
ducts of  their  fusel  oil,  while  the  oxygen  forms 
insoluble  zinc  oxide. 

A  1(^0 1) rale  Co-eflieient. — (See  Co-efficient, 
Aigtbraic.) 

Ali^ebriitc  Notation.— (See  Notation,  Al- 
gih-aic^ 

All-Nl^ht  Arc  I^ftiiiiK^See   Lamp,  All- 

Night  Arc) 

AIINi^lit  Eloctrie  Lanii*.— (See  Lamp, 
AU'Night  Arc:\ 

Allolrople.— Pertaining  to  allotropy,  (Sec 
A  Hot  ropy.) 

Allot ropic  Stat©.— {See  State,  Alhtropic). 

Allotropy.— A  vanalion  of  the  physical 
properties  of  an  elementary^  substance  with- 
out change  of  composition  of  its  molecules. — 
(See  State,  Allotropic.) 

Alloy, — A  combination,  or  mixture,  of  two 
or  more  metallic  substances* 

Alloys  in  most  cases  appear  to  be  true  chemi- 
cal compounds.  In  a  few  instances,  however^ 
they  may  form  simple  mixtures. 

The  composition  of  a  few  important  alloys  is 
here  given: 

Solder,  plumber's;  Tin  66  parts,  Lead  34  parts. 

Pewter,  hard ;  Tm  92  parts.  Lead  8  parts, 

Britannia  metal;  Tin  100  parts,  Antimony  8 
parts,  Copper  4  parts.  Bismuth,  i  ptLrt. 
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Type  metal;  L*ead  80,  Antimony  ao  parts. 
Brass,  white;  Copper  65,  Zinc  35  part*. 
Brass,  red;  Copper  90,  Zinc  to  parts. 
Speculum  metal;  Copper  67,  Tin  33  parts. 
Bell  metal;  Copper  78,  Tin  22  parts. 
Aluminium  bronze;  Copper  90,  Aluminitim  to 
parts. 

Alloy. — To  form  a  combination  or  mijcture 
of  two  or  more  metallic  substances. 

Alloy*  Oerniau  Stiver  — —  — An  alloy 
employed  frjr  the  wires  of  resistance  coils, 
consisting  of  50  parts  of  copper,  25  of  zinc, 
and  25  of  nickel. 

German  silver  wire  is  suitable  for  resistance 
coils,  because  its  resistance  varies  but  slightly  with 
changes  of  temperature.  It  is  cheaper  than  plati* 
Hum-iiiver  alloy ^  and  is  therefore  employed  ex- 
tensively. Platinum  silver  alloy,  however,  has 
more  resistance  for  a  given  size  of  wire,  and  its  re- 
sistance varies  somewhat  less  than  German  silver 
with  changes  of  temperature^  and  is  therefore  used 
where  greater  accuracy  is  desired. 

Alloy,  Palladinn]  ■-  -  -  — An  alloy  of  pal- 
ladium with  other  metals. 

Palladium  forms  a  number  of  useful  alloys  with 
various  metals.  Some  of  the  palladium  alloys  arc 
as  elastic  as  steel,  are  unaffected  by  moisture  or 
ordinary  corrosive  agencies,  and  are  entirely  de- 
void of  paramagnetic  propertiei;  that  is  to  say » 
they  cannot  be  magnetized  after  the  manner  of 
iron. 

These  properties  have  been  utilized  by  their 
discoverer,  Paillard,  in  their  cmplo)'ment  for  the 
hair- springs,  escapements  and  balance  wheels  of 
watches,  in  order  to  permit  the  watches  to  be  car- 
ried into  strong  magnetic  fields  without  any  ap- 
preciable effects  on  the  rate  of  ihe  watch.  A 
number  of  careful  tests  made  by  the  author,  by 
long  continued  exposure  of  waiclics^  thus  pro- 
tected by  the  Paillard  alloys,  in  extraordinary 
fields,  show  that  the  protection  thus  given  the 
watches  enables  them  to  be  carried  into  the  strong- 
est possible  magnetic  fields  without  appreciably 
afTecting  their  rate. 

The  Paillard  palladium  alloys  have  the  follow- 
ing composition,  viz.: 

Allpy  m.  /. 

Palladium  ...,...•..,.,  .60  to  75  parts. 

Copper , 15  to  25  " 

Iron .,,,   I  to   5  ** 
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PkUmdium •  50  to  75  parts. 

Copper .20  to  30      •* 

Iron 5  to  20      '» 

Alley  Nif,  3. 

PAUftdium 65  to  75  *' 

Copper .._isto25  *» 

Nickel  ,, 1  to    5  •• 

Gokl I  to    2i  '* 

Plalinuin., i  to    2  '* 

Silver 3  to  10  '* 

Steel I  to    s  *• 

E                           Alloy  No.  4. 
pAJUdium 45  to  50      •* 
Silirer 20  to  25      ** 
Copper ..15  to  25      *• 
Gdd , 2to   5     •• 
PUtitium. .  ^ 2  to    5      *' 
Nickel 2  to    5      »* 
Steel 2  to    s      »• 
The  ^reat  value  of  the  palladmrn  alloys,  when 
iplo]red  for  the  hair  springs  of  watches,  arises 
it  oolf  from  therr  non-magnetizable  properties, 
d  their  inoxidi^abiUty,  but  particularly  from  the 
:C  that  their  etajticity  Is  approximately  the  same 
for  comparatively  wide  ra.nges  of  temperature. 

|h  Alloy,  Pltttrnum-SilTer —An  alloy 

^Honsisting  of  one  part  of  platinum*  and  two 
^Harts  of  silver. 

^^B  platinum  silver   alloy    is  now  extensively  em- 

^^Pk>ycd   for   resistance  coils  from   the   fact   that 

^cliangcs  in  temperature  of  the  alloy  produce  but 

corop^mtively  small  changes  in  its  electrical  re- 

(See  Alloy <,  German  Silver,) 

Al^hmlMt,  Telegnipliic An  arbi- 

code   consbting   of   dots  and  dashes, 

unds^deflcctionsof  a  magnetic  needle,  flashes 
f  light,  or  movements  of  levers,  following  one 
pother  in  a  given  predetennined    order,  to 

present  the  letters  of  the  alphabet  and  the 
Bmerals. 

.UpliAhet^    Teleirrupltic:    International 

<e — The  co<le  of  signals  for  letters, 

U  employed  in  England  and  on  the  Euro- 
^ccntinent  generally, 

■  sytnbols  are  employed  for  the  numerals 
!  the  punctuAtton  marks. 
I  Jc  wiU   be  oliserved   (hat  tt  is  mainly  in  the 


characters  of  the  American  Morse,  in  which  spaces 
are  used,  that  the  Continental  characters  differ 
from  the  American.  This  is  due  to  the  use  of  the 
needle  instrument  with  which  a  space  cannot  well 
be  represented.     A  rnoveraent  or  deflection  of  the 


Sln«l* 

9^t^m\^ 

Printik* 

N««<]l« 

PHntlnc 

iN**dl« 

a   .<^ 
to . 

0 

p 

q 

0  .. 
e 

r    ..^p 
s    ... 
t    _ 

/ 

h    .... 

»      N\XV 

u   ,. «. 

v./ 

V     ., 

W    .—  _^ 

on 

y    _. 

Inttrnati9n&l  Tth^mphic  Cede, 

needle  to  the  left  signifies  a  dot;  a  movement  to 
the  right,  a  dash, 

AtphaUetv,  Telegrniphie :  Morse's— —  — 
Various  groupings  of  dots  and  dashes,  or 
deflections  of  a  magnetic  needle  to  the  right 
and  left,  which  /e present  the  letters  of  the 
alphabet  or  other  signs. 

Ill  the  Morse  alphabet  dots  and  dashes  arc  em- 
ployed in  recording  systems,  and  sounds  of 
^'arying  intervals,  corresponding  to  the  dots  and 
das  he*,  in  ihe  sounder  system. 

A  dash  is  equal  in  lenijth  of  lime  to  three  dots. 
The  space  between  the  separate  characters  of  a 
single  letter  is  equal  to  one  dot,  except  in  the 
American  Morse,  in  which  the  following  letters 
contain  longer  spaces:  C,  O,  R,  Y,  and  Z.  The 
lengthened  spaces  arc  equal  to  two  dots.  L  is 
one  and  a  half  times  the  lenglh  of  T. 

The  sound  produced  by  the  down  stroke  of  the 
sounding  lever  in  the  Morse  sounder  is  readily 
distinguishable  from  the  up  stroke.  When  these 
diflferences  are  taken  in  connection  with  the  inter- 
vals between  successive  sounds  there  is  no  difR- 
cully  in  reading  by  sounds 

(For  methods  of  receiving  the  alphabet^  see 
SoHtttltr^  Morxe  Telegraphic,  Keeorder^  Aforse. 
Recorder^  Bain^t  ChemicaL  Recorder^  Siphon, 
Relay,  Maputo  Receiving,)  In  the  needle  iele* 
graphy  the  code  is  similar  to  that  used  in  the  Morse 
Alphabet.     (See  Telegraphy^  Single^ Needle.) 


^^^  Alt] 

^^H^V           [Alt     ■ 

^^^^^^^            American  Mqrsb  Code. 

Alternating    Carrcnt    Condenser. ^(  See    fl 

^^^^^^b 

Ctmdenser,  Alternating  Current,)                       ■ 

n  -^  - 

AUernaiinf^    Current    DyuauiivEIectrfc    fl 

o  *  • 

M  ae  h  i  ne. — (See  Ala  chine,  Dyn  a  tn  /  ^-  /A.  /r  j?,    H 

p 

q 

Alternating  Current.)                                         ■ 

^^^^^B               e  . 

r  -    -- 

Alteruatlnj<  Current   Electric    Motor.— 

^^H 

s  --- 

(See  Motor,  EUclrit,  Alternating  Current,) 

t  — 
u  •  "  « — 

Alternating:     Currents. — (See    Currents,    H 

^^^H 

Alternating.)                                                          ■ 

^^^H           — . — 

w — 

Alternating    Currently,    Distribution   of     ■ 

^^^B 

X ** 

Eleetdcity  bjr (See  Electricity,  Dis- 

^^H 

1  --  - 

tribution  of,  ly  Alternating  Currents,) 

^^^^^^                           .  ... 

J  -  --   * 

Alternating  IH.seharge, — (See  Discharge, 

A  Iter  net  ting,) 

^^^^^^^m 

6  ,-..-. 

Alternating'  Dynamo-Eleetric  Maoltine« — 

^^^^m 

(See  Machine,  Dynamo-Electric,  Alternate 

^^^^1              3  ---<—. 

8 .-- 

ing  Current:) 

^^^H               4 

9 . 

AlteniatiniT    ElectrosUtle    Field.— (See 

^^B          

o  

Field,  Alternating  Elect  rust  at  ic) 

^^V                             PaNCTtJATioN    Marks. 

AtternatiniT    Electrostatic    Potentiftt— 

^^m           Pcrtod '         Interrogation  — 

(See  Potential,  Alternating  Electrostatic.) 

^^M           Comma. Exclamation     —  _  ^ 

Alternatiujur  Field.— (See  Field.  AliemaU 

^^^^L 

Sing4«  Me9dl« 

'V-) 

^H                     «. 

Alternating  Influence  Macrliine,    Winis- 
hnrsfs —(See  Machine,  lVitnshurst*s 

V^   V    // 

Alternating  Influence.) 

^B                           

V    \   \   \    / 

Alternating  Magnetic  Fteld.^(Scc  Field, 

^V 

\    \    \    X    V 

Alternating  Magnetic.) 

^H 

/v   \    \    % 

Alternatlni?    Magnetic  PotenUaL— (See 

^H                   

//v  X  % 

Potential,  Alternating  Magnetic.) 

^H                   

///\x 

AUtrniitinsr  Potential.— (See  Paten^ial 

^^1                 fO               

///// 

Alternating) 

^H                  P»fiod 

\\    \\    w 

Altematin??     Prlmarjr     Currentic— (Sec 

^^H                   Comma .  ^_ .  ^^ 

vA/v/ 

Currents,  Alternating  Primary.) 

^H                  »nt»iTOgtt*oru 

.V  //« 

Altematinir    Secondary  Curn^ntK.— (See 

^^H^                ExoUm^tlan _ 

/Ax// 

Currents,  Alternating  Secondary:)                     fl 

^^^_           Colon            .. 

//A». 

Alternation.— A   change   in    direction   or    ■ 

^^^^H         8«mioolon     -_.^. 

AAA 

phase.                                                                      H 

^             Alteration   Thfory  of  MiLScle  or  Nerve 

Alternations,- Changes  in  the  direction  of    H 

^H          Cflirent— (See      TMi^ary, 

Alteration,     of 

A  current  in  a  circuit.                                             H 

^H          Muscle  &r  Nerve  Curre$ii.) 

A  current  tliat  changes  ils  direction  joo  times    ■ 

^H              Alt«riiatiii||r    Arc.— *(S«e 

Are,  Afternat- 

p^r  second  is  said  to  powess  300  alternafions  per 

^B 

second. 

^B             Alternating  Current  Circuit.  —  (See  Cir- 

Alternations,  Complete A  cliange    ■ 

^^B          cuit.  Alternating  Current:) 

^ 

in  the  direction  of  a  current  in  a  circuit  fmni  its    ■ 

Alt] 
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fonner  direction  and  back  again  to  that 
direction,     A  complete  lo-and*fro  chaDge. 

Complete  miternatiofis  are  •omctimes  indicated 
hy  the  symbol  *^. 

Alt^rnatioiLs    Fre<jf»eiiey    af  — A 

phra^ie  employed  to  denote  the  number  of  al- 
ternations per  second. 

AUernative   Path.— <Scc  FaiJk,  Aiierna- 

'  '^  Aitc>rii«tiTC8,  Voltmie A  term  used 

In  medical  electricity  to  indicate  sudden  re- 
versals in  the  polarity  of  the  electrodes  of  a 
voltaic  batter)*. 

An  alternating  current  from  a  voltaic  bat- 
tery, obtained  by  the  use  of  a  suitable  com- 
mutator. 

Sudden  reversals  of  polarity  produce  more 
energetic  effects  of  muscuiiLr  contraction  than  do 
stoaple  closures  or  completions  of  ihe  circuit* 

The  muscular  contraction  produced  by  a  voltaic 
currtmt  is  much  stronger  when  the  direction  of  the 
cofrcnt  is  rapidly  rtversed  by  means  of  a  com- 
mutator ihan  when  the  current  is  mote  slowly 
biroken  and  the  poles  then  reversed. 

The  effect  of  voltaic  aitemadvcs  is  to  produce 
4(ttick  contractioas  that  are  In  strong  contrast  to 
tiK  furotoQ^ed  contracdoos  that  result  from  the 
fuadic  ctirrent.  In  the  faradic  machine,  the 
f«venals  are  so  rapid  that  the  muscle  fails  to 
return  to  rest  before  it  is  again  contracted. 

Voltaic  alternatives  are  sometimes  indicated  by 
(he  crtci traction  V.  A. 

Alteriint^rr. — A  name  commonly  given  to 
an  ftltemate  current  d\niamo.  (See  Machine^ 
ihm.^mt>'Eltctru ,  Alternating  Current.) 

A I  te  run  tor,  C^impeiiHated  Excltiitlan  <»f 

An  excitation  of  an  alternating  current 

dynamo-electric  machine,  in  which  the  field  is 
but  partially  excited  by  separate  excitement, 
the  rcnrjainder  of  its  exciting  current  being 
deri%*ed  from  the  commuted  currents  of  a 
small  transformer  placed  in  the  main  circuit 
qI  the  nuichtne. 

The  object  of  compensated  excitation  of  an 
llleRiator  is  to  render  the  machine  self- governing. 

Anal#aiii« — A    combination    or    mixture 
of  a  metal  with  mercury, 
AniftllTAiil*  Eleftrfc  —A  sul^tance 


with  which  the  rubbers  of  the  ordinar)'  fric- 
lional  electric  machines  are  covered, 

Klectric  amalgams  are  of  various  compositions. 
The  following  formtda  produces  an  excellent 
amalgam  : 

Melt  together  five  parts  of  zinc  and  three  of 
tin,  and  gradually  jiour  the  molten  metal  into 
nine  parts  of  mercury.  Shake  the  mixture  until 
cold,  and  reduce  to  a  powder  in  a  warm  mortar. 
Apply  to  the  cushion  by  means  of  a  thin  layer  of 
stiff  grease. 

Mas aU gold ^  or  bisulphide  of  tin,  and  powdered 
graphitCi  both  act  as  good  electric  amalgams. 

An  electric  amalgam  not  only  acts  as  a  con- 
ductor to  carry  off  the  negative  electricity,  but, 
being  highly  negative  to  the  glass,  produces  a  far 
higher  electrification  than  would  mere  leather  or 
chamois. 

Anial^ainate, — To  form  into  an  amalgam. 

Amalg-ftraatliig*— Forming  into  an  amal- 
gam. 

Amnl^nuiutloa. — The  act  of  forming  into 
an  amalgam*  or  effecting  the  combination  of 
a  metal  with  mercury. 

AjuaLu:iiiniiti(»n  of  Zinc  P]at'e»  of  Voltaic 
C«M,— (Sec  Plates,  Zinc,  of  Voltaic  Cell, 
Amalgamation  o/,) 

Am  her. — A  resinous  substance,  generally 
of  a  transparent,  yellow  color. 

Amber  h  interesting  electrically  as  being  be- 
lieved to  be  the  substance  in  which  the  proper- 
ties of  electric  attractions  and  repuUions,  imparted 
by  friction  or  nibbing,  were  first  noticed.  It  was 
called  by  the  Greeks  ifkeHrfJor^  from  which  the 
word  electricity  is  derived.  This  property  was 
mentioned  by  the  Greek,  Thalc*  of  Miletus,  600 
B,  c*  as  well  as  by  Theophrastus. 

AmeHean  System  of  Tetefpupliy.— (See 
Telegraphy,  American  System  o/,) 

American  TwIsWofnt — (Sec  Joittt, 
American  T7i*ist,) 

Anii^rleau  Wire  Oaiige«^(See  Gaiige, 
Wire,  American,) 

Ammeter. — A  form  of  galvanometer  in 
which  the  value  of  the  current  is  measured 
directly  in  amperes.     (Sec  Gafvanmneter,) 

An  amp^re-mctcr  or  ammeter  is  a  commercial 
form  of  galvanometer  in  which  the  deficction*  of 
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a  magnetic  needle  are  calibrated  or  valued  in  am- 
pt^res*  As  a  rule  the  coils  of  wire  in  an  ammeter 
are  of  lower  resistance  than  in  a  voltmeter.  The 
magnetic  needle  is  deflected  from  its  zero  position 
by  the  field  produced  by  the  current  whose  strength 
in  amperes  is  to  be  measured.  This  needle  is  held 
in  the  2ero  po&itlon  by  the  action  of  a  magnetic 
field,  cither  of  a  permanent  or  an  electro- mag  net, 
by  the  action  of  a  spring,  or  by  a  weight  under  the 
influence  of  gravity.  There  thus  exist  a  variety 
of  ammeters,  viz. ;  permanent -magnet  ammeteni, 
eUciro^magneiU  ammeters,  spring  ammeters  and 
gravity  ammeters. 

In  the  form  originally  devised  by  Ayrton  and 
Pcrry^  the  needle  came  to  rest  almost  immc- 
dialely,  or  was  dead -beat  in  action.  (See  Damp- 
ing,) It  moved  through  the  fidd  of  a  permanent 
magnet.  The  instrument  was  furnished  with  a 
number  of  coils  of  insulated  wire,  which  could 
be  connected  either  in  strips  or  in  muliipU-arc-  by 
means  of  a  commutator^  thus  permitting  the  scale 

f  reading  to  Ik:  verified  or  calibrated  by  the  use  of  a 
single  voltaic  cell.  (Sec  CiroditSy  Varieties  of. 
Commutator,  Calihrationt  Ahsolutc,  Calihta- 
tioH^  Reiatixie,)  In  this  case  the  coils  were 
turned  to  sorie»t  a^nd  a  phig  pulled  out,  thus  intro^ 

>  ducing  a  resistance  of  one  ohm. 


Fii,  12,    Ayrifm  and  Ftrry  AmmHtr, 

Fig,  12  represents  an  amp^re-melcr  devised  by 
Ayrton  and  Perry.    A  device  called  a  commutator 
for  connecting  the  coils  either  in  series  or  parallel 
is  shown  at  C.     Binding  posts  are  provided   at 
I  P,  PS,  and  S.     The  dynamo  terminals  are  con- 
nected at  the  posts  P,   PS,  and  the  current  will 
pa»  only  when   the   coils  are  in  multiple,  thus 
avoiding  accidental  burning  of  the  coils.     In  this 
case  the  entire  current  to  be  measured   passes 
through  the  coils  so  coupled.     The  posts  S  and 
PS,  are  for  connecting  the  single  battery  cell  cur* 
rent. 
A  great  variety  of  ampere-meters,  or  ammeters, 
ave  been  devised.     They  arc  nearly  all,  how- 


ever, constructed  on  essentially  the  same  general 
principles. 

Commercial  ammeters  are  made  in  a  great  va- 
riety of  forms.  When  the  currents  to  lie  meas- 
ured are  large,  as  is  generally  the  case  in  electric 
light  or  power  stations,  they  consist  of  a  coil  of 
insulated  wire,  often  of  a  single  tuni,  or  even  of 
but  a  part  of  a  turn,  having  a  balanced  coic  kA 
iron  or  steel  capable  of  moving  freely  within  it* 

Amoieter,      Eleetro-Ma^netlc -A 

form  of  ammeter  in  which  a  magnetic  needle  is 
moved  against  the  field  of  an  electro-magnet 
by  the  field  of  the  current  it  is  measuring. 
(See  AmmeUr,) 

Ammeter,  CIrarUy —A  form  of  am- 
meter in  which  a  magnetic  needle  is  moved 
against  the  force  of  gravity  by  the  field  of  the 
current  it  is  measuring.     (See  Ammrttr.) 

Aminetart       Magnetic- Vane An 

ammeter  in  which  the  strength  of  a  magnetic 
field  produced  by  the  current  that  is  to  be 
measured  is  determined  by  the  repulsion  ex- 
erted between  a  fixed  and  a  movable  iron 
vane,  placed  in  said  field  and  magnetiied 
thereby.     (Sec   Voltmeter,  Afagnedc^Vane.) 

Ammeter,     Permanent-Mag'net A 

fonn  of  ammeter  in  which  a  magnetic  needle 
is  tnoved  against  the  field  of  a  permanent  mag* 
net  by  the  field  of  the  current  it  is  measuring* 
(See  Ammeter) 

Ammeter,  Redwcteur  for (See  Re- 

ducteur,  or  Shunt  for  Ammeter^ 

Ammeter,  Springs A  form  of  am- 
meter in  which  a  magnetic  needle  is  moved 
against  the  action  of  a  spring  by  the  field  of 
the  current  it  is  measuring.     (See  Afnmiter,) 

Amoqikotis. — Having  no  definite  crys- 
talline form, 

^tineral  sul>stances  have  certain  crystalline 
forms,  Ihatarc  as  characteristic  of  them  as  are  the 
forms  of  animals  or  plants.  Under  certain  cir- 
cumatances,  however,  they  occur  without  definite 
crysulline  form,  and  are  then  said  to  be  amor- 
phous solids. 

Arap^rage.— The  number  of  amperes  pass* 
ing  in  a  given  circuit. 

The  current  strength  in  any  circuit  as  indi- 
cated by  an  ampSre-meter  placed  in  the  circuit 
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Ampere. — ^The  practical  unit  of  electric 
curreni. 

Such  a  rate-of-flow  of  electricity  as  irans- 
mits  one  coulomb  per  seconds 

Such  a  current  (or  rale^f-flow  or  trans- 
missioa  of  electricity)  as  would  pass  with  an 
electromotive  force  of  one  volt  through  a  cir- 
cuit whose  resistance  is  equal  to  one  ohm. 

A  current  of  such  a  strength  as  would 
deposit  .0050S4  grsdn  of  copper  per  second. 

A  current  of  one  ampire  is  a  current  of  such 
definite  strength  that  it  would  fiow  through  a  cir- 
cuit of  a  certain  resistance  and  with  a  certain 
electromotive  force.  (Sec  F<M^€e^  EUttr&mtftive. 
F|>//.     Rf$istan€4.     Ohm.) 

Since  the  ohm  is  the  practical  miit  of  resistance, 
aod  the  volt  the  practical  unit  of  electromotive 
iarcc,  the  ampere,  or  the  practical  unit  of  current, 
b  the  current  that  would  flow  through  unit  resist- 
ince»  under  unit  pressure  or  electromotive  force. 

To  make  this  cicarert  take  the  analogy  of  water 
flowing  through  a  pipe  under  the  pressure  of  a 
'  oolucnn  of  water.  That  which  causes  the  How  is 
^t  prtsture  or  htad :  that  which  resists  the  flow 
is  Xh^fritdcfH  of  the  water  against  the  pjpCt  which 
will  y^ry  with  a  number  of  circumstances.  The 
r^U^^/^jivw  may  be  represented  by  10  many  cuhii 
'  imk£i  0/  water  per  second. 

As  the  pressure  or  head  increases,  ihe  flow  in - 
crea»c9  proportionally;  as  the  resistance  increasi^s, 
the  flow  diminishes. 

Electricallf T  electromotive  force  corresponds  to 

tlie  pressure  or  head  of  the  water,  and  resistance 

to  the  friction  of  the  water  and  the  pipe.    The 

ampere*  which  is  the  unit  rate-of-^aw  ptr  seccthK 

may  therefore  be  represented  as  follows, 

E 
E. :      C  =  »  as  was  announced  by  Ohm  in  his 

law.     (See  Law  of  Ohm,) 

Thta  expression  signifies  that  C,  the  current  in 
mmp^e$^  is  equal  to  E,  the  eUttr emotive  force  in 
tf9iii^  divided  by  R,  the  reiistance  in  ohms. 

We  measure  the  rate -of' How  of  liquids  as  so 
many  tuHe  iruhes  or  cubic  feet  per  -f  ^ttwi/— that  ha, 
j  in  units  of  nuantity .  We  measure  the  ralc-of-flow 
I  of  electricity  as  so  much  electricity  per  second. 
I  The  electncal  unit  of  quantity  ts  caUed  the  C&uL 
\^mhr  (See  Coulomb,)  The  coulomb  is  such  a 
l<]uantity  as  wouldpass  in  one  second  through  a 
f  circuit  in  which  the  rate- of- flow  is  one  ampere. 
An  ampH'i  is  therefore  equal  to  on^  toui&mbper 


The  electro-magnetlc  unit  of  current  is  such  a 
current  that,  passed  through  a  conducting  wire 
bent  into  a  circle  of  the  radius  of  one  centimetre, 
would  tend  to  move  perpendicular  to  its  plane  a 
unit  magnetic  pole  held  at  its  centre,  and 
suflicicntly  long  to  practically  remove  the  other 
pole  from  its  influence,  with  unit  force,  1.  *-.,  the 
force  of  one  dyne,  (See  Dyfu,  \  The  ampere,  or 
practical  electro-magnetic  unit,  is  one-ienih  of 
such  a  current ;  or,  in  other  words,  the  absoluie 
unit  of  current  is  ten  amperes. 

An  ampere  may  also  be  defined  by  the  chemical 
decomposition  the  current  can  effect  as  measured 
by  the  quantity  of  hydrogen  liberated,  or  metal 
deposited. 

Defined  in  this  way,  an  amp&re  is  such  a  cur- 
rent as  will  deposit  ,oo[jiSi5  gramme,  or 
.017253  grain,  of  silver  per  second  on  one  of  the 
plates  of  a  silver  voltameter^  from  a  solution  of 
silver  nitrate  containing  from  15  to  30  per  cent,  ot 
the  salt  (See  Vbltameier),  or  which  will  decompose 
.00009326  gramme,  or  .001439  grain  of  dilute 
sulphuric  acid  per  second,  or  pure  sulphuric  acid 
at  59  degrees  F.  diluted  with  about  15  percent,  of 
water,  that  is,  dilute  sulphuric  acid  of  Sp.  Gr.  of 
about  I .  t.  The  present  scientific  and  commercial 
practice  is  to  take  the  ainp^e  to  be  such  a  current 
as  will  deposit  4  024  grammes  of  silver  in  one  hour. 

Ampere  Arc.— (Sec  Arc,  Amph^^,) 

Aiap^roFeet— (See  Fuf,  Amph-e.) 

Ainpdre-Honr.— (See  Hour,  Amph-e,) 

Ampere-Meter.— An  ammeter,  (See  Am- 
m^ierj) 

Aiini^rp-Meti>r»  Balmieo  or  Neiiiral  Wire 

An  ampere-mctcr  placed  in  the  cir- 
cuit of  the  neutral  wire,  in  the  three-wire  sys- 
tem of  electric  distribution,  for  the  purpose  of 
showing  the  excess  of  cunr nt  passing^  over 
one  side  of  the  system  as  compared  with  the 
other  side,  when  the  central  wire  is  no  longer 
neutral. 

Aiii|>Ore*Minufi\— (See  Minute,  Ampkre.) 
Ampt^re  Itiujc.— (See  Ring,  Ampere:) 
Amiwre-Sefond,— (See  Second,  Amph'e:\ 
Ampere  Tap.— (See  Tap,  Amph^t) 
Ampere-Turo.— (See  Turn,  Ampere,) 

Anipdre-Tnm,  Primary (Sec  Turn, 

Ampkre,  Primary,) 


Amp,] 

Am(i^r«>Tnrti»    See^mdmnr    —(See 

Turn,  Ampere,  Secmtdary^ 
Amp^re-Talt. — A  wait,  or  the  ^^9  of  a 

horse-power. 
This  term  is  gcneralljr  written    v&U-smpire, 

(See  Volt  Ampere,) 

Ampdrp-Wiudinir. — (Sec    Windings  Am- 

Ampdre*s  Rnl«  for  Effwt  of  Carrent  on 
^  Needle.— (See  KuU,  Ampere  5>  for  Effect  of 
Current  on  Ne4dU,\ 

Ampere's  Theiirj  «ir  Ma^nniUiii* — (See 
Magnetism,  Amph'es  Theory  ofi) 

AuiiN^rlttii  Cmrents.— ^(Sce  Currents,  Am* 
Parian,) 

Ai]i]iHtude  of  Vlbriitiou  or  Wiirt^ — (See 
Vibration  or  Wave,  Amplitude  of.) 

Anii]iiiiillioii*Hobt,   Electric  —An 

electrically  operated  hoist  for  raising  ammu- 
nition to  the  deck  of  a  ship. 

In  the  electric  ammunition  •hoist  the  electric 
motor  which  moves  the  hoist  is  made  to  follow  the 
motions  of  the  operator*?  hand,  both  as  regards 
direction  and  speed*  The  motion  of  a  cranky  or 
wheel,  causes  a  switch  to  start  an  electric  uiolor  in 
a  certain  direction^  which  tends  to  close  the  switch » 
thus  necessitating  a  race  between  the  operator 
and  the  motor.  Should  the  operator  begin  to 
dose  the  switch  more  slowly,  the  mcitor  will  over- 
take him,  will  partially  close  the  switch,  and  thus 
lower  the  spwed  of  the  motor. 

Analogon§  Pole. — (See  Pole,  AnalogousA 

Analy$ii§L — The  determination  of  the  com- 
position of  a  compound  substance  by  separ- 
ating it  into  the  simple  or  elementary  sub- 
stances of  which  it  is  composed. 

Analjuls,  Eleftrie The  determin- 
ation of  the  composition  of  a  substance  by 
electrical  means. 

Various  processes  have  been  proposed  for  elec- 
tric analysis;  they  cooiitt  eatentiaUy  in  decompos- 
ing the  substance  by  means  of  electric  currents, 
and  are  other  qualitati¥e  or  quantiUtive.  (See 
EhetrofysU.) 

Aiia1y»K      El<*ctrolytlc A     term 

sometimes  used  instead  of  electric  analysis. 
(See  Analysis,  Electric^ 

Analyjil^  QtialUathe -A  chemical 
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analysts  which  merely  ascertains  the  kinds  of 
elementar}'  substances  present. 

Analysis,  Qnantitatire A  chemical 

analysis  which  ascertains  the  relative  propor- 
tions in  which  the  different  components  enter 
into  a  compound. 

Aiudyzablu. — Separable  into  component 
parts. 

Aualyze.^ — To  separate  into  component 
parts. 

Analyze,  Electrically To  separate 

electrically  into  component  parts. 

Aiuilyzer,  Eleeirie ^A  gridiron   of 

metallic  wires  which  is  transparent  to  electro- 
magnetic waves,  when  its  length  is  perpendic- 
ular to  them,  but  opaque  to  ihem^ — i,  <., 
possessing  the  abiUty  to  reflect  tbera^ — when 
rotated  90  degrees  from  its  former  position. 

The  electric  analyser,  it  will  be  observed,  is 
analogous  to  an  analyier  for  polarized  light.  A 
reflecting  surface,  for  example,  being  able  lo  re- 
flect polarized  light  in  a  given  position,  and  uoatilc 
to  reflect  it  when  rotated  90  degrees  from  such 
position,  is  capable  of  acting  as  an  analyzer  for 
p  ilarizcd  light. 

Analjzcn  OrayX  Harmonic  Telegraphic 

An  electro-magnet,  the  armature  of 

which  consists  of  a  steel  ribbon  stretched  in 
a  metallic  frame  and  capable  through  regula- 
tion, as  10  tension,  by  means  of  a  screw,  of 
being  tuned  to  a  certain  note. 

The  steel  ribbon  is  thrown  into  vibration  wlien< 
ever  pulsations  from  the  transmitting  instruments 
arc  sent  over  the  line  corresponding  to  the  rate  of 
motion  of  the  ribbon,  but  is  not  set  into  vibration 
by  any  other*.  If,  therefore,  a  number  of  different 
analysers,  tutied  to  different  notes,  are  placed  on 
the  same  line,  each  will  be  operated  only  by  the 
pulsations  sent  into  the  line  corrraponding  to  its 
rate  of  motion,  and  thus  multiple  transmission  in 
the  same  direction  is  possible.  In  order  to 
strengthen  the  tones  of  the  analysers,  each  is  pro- 
vided with  a  resonant  air  column.  (See  A'^'XtfW 
ator.     Telegraphy,  Multiplex.) 

Analyziog, — Separating  into  component 
parts. 

Anelectrie, — A  word  formerly  applied  to 
bodies  (conductors)  which  it  was  believed 
could  not  be  electrified  by  friction. 
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Thi*  term  Im  now  obsolete.      Conductors  are 
taaakj  declii&cd,  when  insulated. 

Aa«l«etr0to]ifc  8Ule. — (See  Sfate,  AfuUc- 
'oianic) 

JinelectTotonic  Zone. — (Sec  Zone,  AneUc- 
iroioHic.) 

Anel«N}troia]iai§^ — In    electro-lhcrapeuiics, 
the  decreased  functional  activity  which  occtirs 
a  ncn-e  in  the  neighborhcxKl  of  the  anode, 
pusilive  electrode,  when  applied   iherapeu- 
ly.     (Sec  Eiecirot&nus,) 

manetar.   Electric —An   appa- 

tus  to  electrically  record  or  indicate  the  direc- 

and  intensity  of  the  wHnd, 
In  the  electric  recording  anemoznetefi  the  force 
velocity  of  the  wind,  or  both,  are  recorded  on 
movinif  shcaet  of  paper,  on  which  the  dme  is 
rkedf  so  that  the  exact  time  ot  any  given 
ange  b  luiown* 

Aliemoseo|)«, — An  instrument  which  indi- 
I,  but  does  not  measure  the  intensity  or 
the  direction  of  the  wind. 
The  word  is  ofteo»  though  im properly ^  used  in- 
terchangeably for  aaemometer. 

Aairle. — The  deviation  in  direction  between 
two  lines  or  planes  that  meet. 

Aik4^1cs  arc  measural  by  arcs  of  circles.  The 
angle  at  B  A  C,  Fig.  13,  ts  the  deviation  of  the 
tttalght  line  A  B,  ir^m  A 
C.  In  reading  the  let> 
teriDg   of  an   angle    the 

ter  placed  in  the  mid- 
indicates  the    angle 
referred  to.      Thus  B  A 
C,  means  the  angle  be- 
tween A  B and  AC;  B  A 


^_i^«  me  a 
^knitted  u 

^^ 


c 

jj)»  the  angle  between  B  A  and  A  D.    Angles  arc 
Jued  in  degrees,  there  being  360  degrees  in  an 
ctrctimference  or  circle.     Degrees  are  in- 
l  thus:  90P,  or  ninety  degrees. 

Attirlfi,  Aeole —  Ari  angle  whose  value 

ts  less  than  a  right  angle  or  90  degrees. 

B  A  E,  or  E  A  Df  in  Fig.  ij^  is  an  acute  angle. 

Afll^  Coai^leuant  of  —  —What  an 
aogie  needs  to  make  its  value  90  degrees,  or  a 
fight  an^le. 

Tbui  in  Fig.  13^  B  A  E»  is  the  complement  of 
tbe  angle  £  A  D,  since  BA£-i*EAD  =  90 


Angle^   0htui*6 An   aitgle   whose 

value  is  greater  than    a   right   angle   or  90 
degrees. 

E  A  C,  Fig.  13,  i^  an  obtuse  angle. 

Angrle  of  I^eollnAtion  or  TariuHon,^(See 
Dtciination^  Angle  of.    Variation,  Angle  of.) 

Aiig'le  of  PifTerenee  of  Pbiise  Between 
Alternating  Carrenta  of  Same  Periud.— 
(See  Phase,  Angle  of  Difference  of.  Between 
Alternating  Currents  of  Same  Period.) 

Angle  of  Blp.— (See  Dip.  Dip  or  Imrli^ 
nation.  Angle  of,) 

Angle  of  Inclination* — (Sec  Diporlncli^ 
nation.  Angle  of.) 

Angle  of  Lair  of  Dynauio*£lectrk  Ma- 
chine,— (See  Lag,  Angle  of,  af  Dynamo- 
Electric  Machine) 

Angle  of  Lead. — (See  Lead,  Angle  ofi) 

An^lo  of  Variation.— (See  Variatian, 
Angle  of) 

Angle,  I* lane An  angle  contained 

between  two  straight  lines. 

Angle^  Solid  —  — An  angle  contained 
between  two  surfaces. 

An^le^   Siippleineut  of What   an 

angie  needs  to  make  its  value  180  degrees,  or 
two  right  angles. 

Thus  in  Fig.  13,  £  A  C,  i^  the  supplement  of 
E  A  D,  because  E  A  D  ^  E  A  C  =  180  degrees, 
or  two  riVht  an  glen. 

Angle,  Unit An  angle  of  57.29578^ 

or  57^^  17'  44.8'    neaiiy. — (See   Velocity,  An^ 

gular) 

Angular  Currents. — (See  Currents,   An^ 

gular,) 

Angnlar  Velocity .^ — (See  Velocity,  Angu- 
lar) 

Animal  Electricity. — (Sec  Electricity, 
Animal) 

Animal 
Animal) 

Anion.- 
molccuJe. 

Literally,  the  term  it^n  signibcs  a  group  of 
wandering  atoms.  An  am^n  is  that  group  of 
atoms  of  an  electrically  decomposed  or  electro  ly  ted 


M  ag  net  Ism, — (See    Magnetism , 
-The  electro-negative  radical  of  a 
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molecule  which  appears  at  the  art^d^*  (See 
Eiectr&iysis.     An<fde.\ 

As  the  anode  is  connected  wJtli  the  electro* 
positive  tennmal  of  a  source,  the  am<yH  is  the 
iiectro-ntgative  radical  or  group  of  atoms ^  and 
therefore  appears  at  the  electro^positive  terminai. 

A  kathjon,  or  electro- positive  radical,  appears 
at  the  kathode^  which  is  connected  with  the 
electro- negative  terminal  of  the  battery.  Oxygen 
and  chlorine  are  amons.  Hydrogen  and  the 
metals  are  kathbns. 

Anbatroplc  CondMclor. — (See  Conductor, 
Anisotropic) 

Medium. — (See      Medium, 


Electric 


-A     process 


Aiiisotropie 

AHiSoir&pic) 

Anm^aUug:, 

for  annealing  metals  in  which  electric  healing 
is  substituted  for  ordinary  heating, 

Atmnul  lueqimlitj  of  Eurtirs  Maguet* 
Ism^ — ^(See  Incgtiality,  Annual,  of  EartUs 
Magnetisffi, 

Annual  Variation  of  Ma^ut^lif  Needli*. 
— ^(See  A^eedit\  Afngnetic,  Annual  Variation 

Aniiuncf ator«  Burglar-Alarm An 

annunciator  used  m  connection  with  a  system 
of  burglar- alarms.     (See  Alarm,  Burglar.) 

Annunciator     Clock,    Elect  He   — 

(See  Clock,  Electric  Annunciator) 

Aunnnriator  Ilrop. — (See  Dr&p.Annun- 
ciaior.) 

Annunelat^ir    Drnp,  Automotfc  - 

(See  Drop,  Automatic  Annunciator,) 

Annuni*iator,    Elcctrn-MajBruetic 

An  electric  device  for  automatically  indicating 
the  points  or  places  at  which  one  or  more 
electric  contacts  have  been  closed. 

The  character  of  the  annunciator  depends,  of 
course,  on  the  character  of  the  places  at  which 
these  points,  places  or  stations  are  situated. 

Annunciators  are  employed  for  a  variety  of 
purposes.  In  hotels  they  are  used  for  indiciiting 
the  number  of  a  room  the  occupant  of  which 
desires  some  service,  which  he  sigtiifies  by  push- 
ing a  button,  thus  closing  an  electric  circuit. 
This  is  indicated  or  announced  on  the  annuncia- 
tor by  the  falling  of  a  drop,  on  which  is  printed  a 
nnmber  corresponding  with  the  room,  and  by  the 


ringing  of  a  bell  to  notify  the  attendant.  The  num- 
ber is  released  by  the  movement  of  the  armature 
of  an  electro.magnet.  The  drops  are  replaced  In 
their  former  position  by  some  mechanical  device 
operated  by  the  hand.     In  the  place  of  a  drop  a 
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needle  is  sometimes  used,  which,  by  the  attraction 
of  the  armature  of  an  electro -magnet,  points  to 
the  number  signaling. 

Annunciators  for  houses,  burglar-alarms^  fire- 
alarms,  elevators,  etc.,  are 
of  the  same  general  con- 
struction. 

Annunciators  arc  general- 
ly operated  by  e!cctro-mag- 
'  5n.  attraction  or  repulsion, 
ti  I  are  therefore  some, 
times  called  eleetrO'map§eii€ 
annunciators. 

Fig.  14  shows  an  annun* 
ciator  suitable  for  use  in 
hotels. 

The  numbers  %%  and  S5 
are  represented  as  having 
been  dropped  by  the  closing 
of  the  circuit  connected 
with  them. 

Annunciator,    Elera- 
t4ir  — An  annuncia- 
tor   connected    with    an 
F^,ts*  Ekv^uttF     elevator  to    indicate  the 

floor  Signaling. 
One  form  of  elevator  annunciator  {a  shown  in 
Fig.  15. 
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AnnuncJator,       FIre-Alanu An 

annunciator  used  in  connection  with  a  system 
of  6re-a]anns. 

Annunciator,    (fraTitj-Brop —An 

nnunciator  whose  signals  are  operated  by 
be  (all  of  a  drop. 
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Fig*  it*   Craviip^Dro^  Ammun^iator. 


tA  ions  of  gravity-drop  annuiiciator  is  shown 
Fig*  I6»  The  armature  mecbanisoa  for  the 
idcase  of  (he  drop  will  be  understood  by  an  in- 
i|ieGtion  of  the  drawing, 

Ajmonclator,  Hotel  - —  — An  annun- 
dalor  connected  with  the  different  rooms  of  a 
hotel. 

A  hold  annunciator  is  generally  provided  with 
A  return  bell  and  gucst-catl. 

Ajinanclator»    HoDJie An   annun- 

ator  connected  with  the  rooms  of  a  house, 

Annnnclator,    Needle  ^^ An  annun- 

»ior,  the  indications  of  which  are  given  by 
^^ftcnls  of  a  needle  instead  of  the  fall 

[a   form    of   needle.annunciator  is  shown   in 
•  7 
Annanclaton  Or^l   or  Speaklni^   Titl>e 
^— -  —An  annunciator  electrically  operated 


by  means  of  a  puff  of  breath   transmitted 
through  an  ordinary  speaking  tube. 

The  oral' annunciator  is  a  contriFance  whereby 
a  central  oRice  is  placed  in  coinmunication  with  a 
number  of  speaking  tubes  coming  from  diflerent 
poiDts  in  a  hotel  or  other  place.  A  person 
in  any  room,  who  wishes  to  communicate 
with  the  central  office,  blows  through  the 
speaking  tube  in  his  room,  and  thus,  by 
effecting  an  electric  contact,  rings  a  bell  and 
operates  a  drop  at  tlie  annunciator,  thus  indicat- 
ing the  exact  tube  at  which  the  attendant  is  to 
receive  the  message.  The  attendant  can  thus  be 
placed  in  easy  communication  with  each  of  the 
rooms  whose  speaking  tubes  connect  with  the 
annunciator. 

Anil  n  mi  ator,  Peadtilam  or  ^irin^ini^'-^ — 

—  An    annuntiator.    tht?    indicating    arm  of 
which  consists  of  a  pendulous,or  swinging  arm, 


which,  when  at  rest,  points  vertically  down- 
ward,  and  which  is  moved  to  the  right  or  left 
by  tlie  action  of  the  current. 

Pendulous,  or  swinging-annunciators  are  gen* 
crally  so  arranged  as  to  need  no  replacement. 


Alio.] 


24 


[Ap^ 


On  the  cessation  oi  tlie  current  the  indicator  arm 
drops  vertically  downward. 

A  relay  is  preferably  used  with  pendulum - 
Aimunciators,  since  the  rapid  makes  auid  breaks 
of  the  ciirrent  by  the  bell  alarm  interJcrc  witb 
their  satisfactory  action. 

AnodaL— Pertaining   to   the  aiiode,     (See 
A  nodal  HKTiwIon. — (Sec  Diffusion,  Ana- 

Aiio4e. — The  conductor  or  plate  of  a  de- 
composition  cell  connected  with  the  positive 
terminal  of  a  batter>',  or  other  electric  source* 

That  terminal  of  an  efectric  source  out  of 
which  ihe  current  tiows  into  the  liquid  of  a 
decomposition  cell  or  vollameler  is  called  the 
anode. 

That  terminal  of  an  electric  source  into 
which  the  current  tiows  from  a  decomposition 
cell  or  voltameter  is  called  the  kathode. 

The  anode  is  coaoected  witli  the  carbon  or 
positive  terminal  of  a  volUic  battery,  and  the 
kathode  with  the  zijic,  or  negative  terminal. 
ThcfBlore  the  word  anode  baji  l)ccn  used  to 
signi^  the  positive  terminal  of  an  electric  source, 
and  kathode,  the  negative  ti^rminal,  ajid  in  thiit 
&exi4e  is  employed  generally  in  elcctro-thera- 
^utics.  It  is  preferable,  however,  to  restrict  the 
use  of  the  words  anode  and  kathode  to  those 
teniiinab  of  a  source  at  which  electrolysis  is 
taking  place. 

The  terms  anode  and  kathode  in  reality  refer 
to  the  clcctro-rcccptivc  devices  through  which 
the  current  flows.  Since  it  is  assumed  that  the 
current  6oW5  out  of  a  source  from  its  po^aitivc 
pole  or  terminal,  and  back  thmagh  the  source  at 
its  negative  pole  or  terminal,  the  pole  ot  any 
device  which  is  connected  with  the  positive  pole 
of  a  source  is  the  part  or  place  at  which  the 
current  enters  and  flows  through  it,  and  that 
connected  with  the  negative  pole,  the  part  at 
which  it  leaves,  flcnce,  probably,  the  change 
in  the  use  of  the  words  already  referred  to. 

Since  the  amon,  or  the  electro  negative  radical, 
appears  at  the  anode^  tt  is  the  anode  of  an  tUtiro* 
plating  ^a4k,  or  the  pbte  connected  wiih  the 
positive  terminal  of  the  source,  that  is  dissolved. 

When  the  term  an<Nif  was  first  proposed  by 
Faraday,  voltaic  batteries  were  the  only  available 
electric  source,  and  /A^  t^r/ti  re/rrred^m/y  U  tfu 


positive    terminal  of  a    voltaic   bait^ry    wkm\ 
placed  in  an  electrolyte. 

Atjudlc.^ — Pertaining  to   the  anode,     (f 

Anode,) 

Auodie  £leetro-iHii|?iia»Uc  ReacUuiu. 
(See  Reactions,  Kathodic  and  Amodu  Ekc^^ 

tro- Diagnostic. ) 

Anodic  Opening  Coatriii'tiuii* — (See  Con 
i  rat  ion.  Anodic  Opening,) 

Anomalous  Mafn^et. — (See  Mt^nei,  An*\ 

omalous,) 

Anomalous  Ma^neUKatioo,— (See  Alag^ 
netisalion.  Anomalous.) 

Anti-lndactioii  Cable (Sec  CabliJ^, 

A  nli-Induction .) 

Anti-lnductioii    Coodaetor.  —  (See   Lon*'\ 
due  tor,  Anti-Induction.) 

AntilogrouM  Pole.— (See  Pole,Antiktgous,y\ 

AnTiU — The  front  contact  of  a  telegraphic] 
key  that  limits  its  motion  in  one  directionj 
(See  Key,  Telegraphic.) 

Aperiadie  (^alTanometer. — (See  Oaha^ 
nomeier.  Aperiodic) 

Apparatn^s    Farad k'-lnduction   - 
An   induction  coil   apparatus  for  producingl 
faradic  currents. 

A  voltaic  battery  is  connected  with  the  primary^ 
of  an   induction   coil,    and   its  current   rapidly 
broken   by   an   automatic  breaky  or   by  a  hand 
break.     The  alternating^  or  faradic  currents  thas| 
produced   in   the  secondary  coib  are   used  forj 
electro- therapeutic  purposes.     (See  C^V,  Imdtu^^ 
tim.\ 

Faradic  induction  apparatus  is  made  in  a  great 
variety  of  fi^rms.  They  all  operate,  however,  on 
essentially  the  same  principles. 

Apparatus,    Fariidie,    Ma^neto-ElH*tricJ 

A    small     magneto-electric    machinej 

employed  in  electro-therapeutics  for  producin 
faradic  currents. 

Magneto-electric  fiuadic  machines  consist  csscn- 
u'ally  of  a  coil  of  wire  wrapped  on  an  artoatun 
core  that  is  rotated  before  the  poles  of  permanent 
magnets.   No  commutator  is  employed,  since  it  i 
desired  to  obtain  rapidly  alternating  currents. 

Apparatus,   Interlockiny Device 

for  mechanically  operating  from  a  distant  signal ' 
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&wcr.  railroad  switches  and  semaphore  signals 

or  indicating  the  position  of  such  switches. 

•  Knc^uis  of  a  s)-stem  of  interlocking  levers, 

constructed    that    the    signals    and   the 

vitches  are  so  interlocked  as  to  render  it 

ble.  after  a  route  has  once  been  set  up 

a  signal  given,  to  clear  a  signal  for  a 

IQllit  ihal  would  conflict  with  the  one  previ- 

ousty  set  up*     (See  B/oi^A^  System  for  Rail- 

Apparatus    Xacrnf'to-Electrie     Modient 

A    term  appticd    to    small   magneto- 

electric  machines  employed    in  medical  elec- 

Itncity  for  the  production    of    uncommuted 
Ir  faradic  currents.    (See  Apparatus,  Fara- 
mif,  M^gntto-EUcirU^ 
\  Apparmtir^,  RpfrlsterEn^,  Eleetrie  ^ 
bev 
'a, 


eviccs  for  obtaining  permanent  records  by 
dectrical  means. 


Appttmtiis  Reiri^tering^Teile^rapfalc 

— A  name  sometimes  given  to  a  telegraphic 
iTcordrr,  (See  Recorder^  Chemical,  Bain's, 
Rti^der,  MorS€,     Recorder,  Sipk&n.) 

Appdurenl    Co^fllcteat    of    Indactioti.— 
lndM£ii0n^  Apparent  Co-efficient  of,) 

kn^%  IHsc— (See  Disc,  Arago^s,) 

Are.— A  voltaic  arc.    (See  Arc,   Voltaic:) 

Apc,^ — To  fonn  a  voltaic  arc. 

A  dfiaiiiO'^iectric  machine  is  said  to  arc  at  the 
w— iwrtMBT*  when  the  current  paaaes  as  visible 
•paHo  acroas  the  spaces  betweai  adjacent  seg« 

This  acUcm  at  the  commntator  is  more  gencr- 
alf  called  sparking  or  burning. 

ArCt    Altematln^ A    voltaic    arc 

(oimeci  by  means  of  an  aJtemaling  current. 

In  order  to  avtnd  the  cxtinctioQ  of  the  arc  a 
certain  number  of  ahernation.s  per  second  is  nee- 
ca^ry.  The  altematin^  arc  produces  a  toud 
sfafloK  noiic.  At  very  high  frequencies,  how> 
ewGT,  the  nt^ise  disappears. 

Tfett  allcraaticig  arc,  not  pq^sessine  a  Bitcd  posi- 
Haa  GcOar,  laqaires  to  be  covered  by  a  good 
9^mJm  to  thfow  the  light  downwanL 

An^  Aaipif^ — A   single   conductor 

iKst  In  an  arc  of  a  ctrrie.  and  used  in  electric 
halaocta  for  measuring  the  electric  current. 


Arc   Blow-PtiM*,— (See  Biow-Pipe,  EUc- 

trie  Arc) 

Arc,    C^nipotind An     arc     formed 

between  more  than  two  :.eparate  electrodes. 

Arc,  CounfiT   EiectromotiTe    Force    of 

An  electromotive  force  generally  be- 
lieved to  be  set  up  on  the  formation  of  a 
voltaic  arc,  opposed  in  direction  to  the  electro- 
motive force  maintaining  the  arc,  (Sec  Farce, 
Ehctromotive,  Counter.) 

This  counter  electromotive  force  is  believed  to 
have  its  origin  partly  in  the  energy  absorbed  at 
the  crater  ol  the  positive  carbon,  where  the  car- 
bon  is  volatilized,  and  given  out  at  the  nipple  on 
the  negative  carbon^  where  it  is  deposited  or 
solidified.  It  is  to  be  noted  in  lliis  connection 
that  the  apparent  rc>tstancc  of  the  carbon  voltaic 
arc  is  not  directly  proportional  to  the  length  of 
the  arc. 

Are,   Electric A   term  sometimes 

used  for  the  voltaic  arc.     (See  Arc,  Voltaic) 

Arc.,  Frying  of  ^—  —A  fr>nng  sound  at- 
tending the  formation  of  a  voltaic  arc  when 
the  carbons  are  loo  near  together. 

The  cause  of  the  frying  sound  is  prohably  the 
same  as  that  of  hissing.     (See  Arc^  Hissing  0/,) 

Arc,  MtHsIng  of — ■ A  hissing  sound 

attending  the  fom^ation  of  voltaic  arcs  when 
the  carbons  are  too  near  together. 

The  cause  of  the  htsbini^  is  not  entirely  undcr- 
stoxl.  Prof.  Elihu  Thomson  suggests  that  it  is 
due  to  a  too  rapid  volatilization  oJ  the  carlxms. 

Arc  Lamp.— (See  Lamp,  Arc) 

AiT  Lamp,    Klwtric (Sec   Lamp, 

Electric  Arc) 

Ar«5  l4iaip,  Triple  (larlMin  Elect  He 

—(See  Lamp,  Arc,  Triple  Carbopi  Electric) 

Are  IJirhtlnir.— (See  IJghting,  Arc) 

Arc,  Met-ulHc A  voltaic  arc  formed 

between  metallic  electrodes. 

When  the  voltaic  arc  is  formed  between  metallic 
electrodes  instead  of  carbon  electrodes,  a  flaming 
arc  is  obtained^  the  color  of  which  is  characteristic 
of  the  burning  metal ;  thus  copper  farms  a  brill- 
iant green  arc.  The  metallic  arc,  as  a  rule  is 
much  longer  than  an  arc  with  the  same  current 
taken  between  carbon  electrodes. 

Arc  Mlrrameter.— (Sec  Micrometer,  Arc) 
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Arc,    Noisy 


-A     voltaic    arc,    the 


maintenance  of  which  is  attended  by  Iryingt 
hissing,  or  spluttering^  sounds. 

Art',  Quiet  —  — A  voltaic  arc  which  is 
maintained  without  sensible  sounds. 

Arc,  Romring  of--^ — - — A  roaring  sound 
attending  the  formation  of  a  voltaic  arc  when 
the  carbons  are  too  near  together  and  a  very 
powerful  current  is  used. 

Arc,  Simple An  arc  formed  be- 
tween two  electrodes. 

Arc,  Splntterltig  of A  spluttering 

sound  attending  the  formation  of  a  voltaic 
arc. 

Prof*  Elibu  Thomson  suggests  that  the  cause  of 
spluttering  is  due  to  the  presence  of  iinpimties  in 
the  caxboDs,  or  from  the  sudden  evolution  of  gas 
from  insufficiently  baked  carbons. 

Arc»   Voltaic —The  brilliant   arc   or 

bow  of  light  which  appears  between  the  elec- 
trodes or  terminals,  generally  of  carbon,  of  a 
suflficienlly  powerful  source  of  electricity,  when 
separated  a  short  distance  from  each  other. 

The  source  of  light  of  the  electric  arc  lamp. 

It  is  called  the  voltaic  arc  because  it  was  first 
obtained  by  the  use  of  the  battery  invented  by 
Volta.  The  tcrtn  arc  was  ^tvcn  to  it  from  the 
shape  of  the  luminous  ^aw  or  nrc  fornaed  between 
the  carbons. 

To  form  the  voltaic  arc  the  carbon  electrodes 
are  first  placed  in  contact  and  then  gradually 
separated,  A  brilliant  arc  of  Hanie  is  formed  be- 
tween them,  which  consists  mainly  of  volatilized 
carbon.  The  electrodes  are  consumed,  first,  by 
actual  combination  with  the  oxygen  of  the  air; 
and,  second,  by  volatilization  under  the  combined 
influence  of  the  electric  current  and  the  intense 
heat. 

As  a  result  of  the  formation  of  the  arc,  a  crater 
is  formed  at  the  end  of  the  positive  carbon,  and 
appears  to  mark  the  point  out  of  which  the 
greater  part  of  the  current  flows. 

The  crater  is  due  to  the  greater  volatilitation 
of  the  electrode  at  tliia  point  than  elsewhere. 
It  marks  the  position  of  highest  temperature  of  the 
electrodes,  and  is  the  main  source  of  the  light  of 
the  arc.  When,  therefore^  the  voltaic  arc  is  em- 
ployed for  the  purposes  of  illumination  with 
vertically  opposed  carbons,  the  positive  carbon 
should  be  made  the  upper  carbon,  so  that  the 


focus  of  greatest  intensity  of  the  light  may  be 
favorably  situated  for  iUumination  of  the  space 
below  the  lamp.  When,  however,  it  is  desired  to 
illumine  the  side  of  a  building  aSove  an  arc  lamp, 
the  lower  carbon  should  be  made  positive. 

The  positive  carbon  is  consumed  atx^ut  twice  as 
rapidly  as  the  negative,  both  because  the  negative 
oxygen  attacks  the  points  of  the  positive  carbon, 
and  because  the  positive  carbon  suffers  the  mott 
rapid  volatilization. 

The  electric  current  passes  through  the  space 
occupied  by  the  voltaic  arc  because — 

(t.)  The  heated  arc  is  a  partial  conductor  of 
electricity. 

(2.)  Because  small  charges  of  electricity  are 
carried  bodily  forward  from  the  positive  to  the 
negative  carbon  through  the  space  of  the  voltaic 
arc,  by  means  ot  the  minute  particles  whkh  are 
volatilized  at  the  positive  electrode. 

S.  P.  Thompson  has  shown  that  the  tempera- 
ture of  the  light-emitting  surface  of  the  carbon  is 
the  temperature  of  the  volatilization  of  carbon^ 
and  is  therefore  constant. 
Dr.  Flenung  found  that   **  A  rise  of  potential 
along    the  arc    lakes 
place  very   suddenly, 
just  in  the  neighbor- 
hood of  the  crater/* 

The   crater    in  the 
end  of  the  positive  car- 
bon is  seen  in  Fig.  18, 
On   the  opposed  end 
of  the  negative  carbon 
a  projection  or  nipple 
IS  formed  by   the  de- 
posit of  the  electrical- 
ly volatilized  carbon . 
/^<r-  /^»    roltait  Are,        The  roundcd   masses 
or  globules  that  appear  on  the  surface  of  the  elec- 
trodes are  due  to  deposits  of  molten  foreign  mat- 
ters in  the  carbon. 

The  carbon,  both  of  the  crater  and  its  opposed 
nipple,  is  converted  into  pure,  soft  graphite. 

Are,  Toltaie,  R^si^tAiice   af — The 

resistance  offered  by  the  voltaic  arc  to  the 
passage  of  the  current,  i 

As  in  all  other  conductors,  the  ohmic  resistance 
of  the  arc  increases  with  its  length,  and  decreases 
with  its  area  of  cross- section.  The  apparent 
resistance,  however,  is  not  directly  proportional 
to  the  length.  An  increase  of  temperature  de- 
creases the  resistance  of  the  voltaic  arc* 
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^  The  total  apparent  resistance  of  the  voltaic  arc 
h  composed  of  two  parts,  viz.: 

(I*>  The  true  ohmic  re&iMance.     (See  Reiist^ 
\c€,  Okmu.) 

[  (2.)  The  counter  electromotive  force,  or  spuria 
i  rcsiftatice.     {See  Renstancf^  Spttrious.) 

Are*  Watt A  voltaic  arc,  the  elec- 

:  power  of  which  is  equal  to  a  givcQ  number 
%%*att5. 

The  ordinary  long-arc,  as  employed  in  arc 
ghting,  has  a  diCTercnce  of  potential  of  a1x>ut  45 
volts  and  a  current  strength  of  about  to  amperes. 
U  is,  therefore,  a  450- watt  arc. 

Krchf  Aaroml The  archlike  form 

sometimes  assumed  by  the  aurora!  light.  (See 
Aurora  B  area  in,} 

Airing* — Dischar^ng  by  means  of  voltaic 

(See  Arc,  Fo/Zatt.) 
Arcing  at  the  commutator  of  a  dynamo-electric 
nc  not  only  prevents  the  proper  operation 
flie  machine,  but  eventually  leads  to  the   dc- 
I  of  the  brushes  and  the  commutator. 

Ar^onipter,  Bead A  form  of  are- 

Bcier  suitable  for  rapidly  testing  the  density 
the  liquid  in  a  storage  cell, 
'  The  bead  areometer  consists  of  a  glass  tube, 
at  both  top  and  bottom,  containing  a  few 
bead^  fo  weighted   as  to    float  at  liquid 

densities  such  as  1 ,  105, 1 .  170^  i .  1 90 

Afid  1,200,    To  use  the  instrument, 

it  is  immersed  in  the  liquid  of  the 

^ora^e  cell,  and  then  withdrawn. 

The  finger  being  kept  in  the  upper 

opening,  the  hquid  docs  not  escape 

dtrotigh  tlie  small  opening  al  the 

bodom.   The  density  is  then  ascer- « 

UkimA   by   noting  the  beads  that 


kr^mmeUr  ur  Mydromoirr 
— An  instrument  for  detcrmm- 
ingiJr  "    ^yravilyof  a  liquid t 

A  t  "i^n  of  hydrometer 

ooft<i<H»  a|  ihown  in  Fig,  19,  of  a 
doted  glass  tube*  provided  with  a 
md  fiUod  at  the  lower  end 
I  mercury  or  shot,  so  as  to  in- 
Its     r^^dJ     posidoti    when  Fi^,  ig,    /h- 
I  liquids    When  placed      dr^mttfr. 
\  Uquidf ,  it  tioats  with  part  of  the  tube 
liquid     The   lighter  the  liquid,  the 
-Vut   I 


smaller  is  the  portion  that  remains  out  of  ihc 
Hquid  when  the  instrument  Boats.  The  specific 
gravity  is  determined  by  observing  the  depth  to 
which  ihe  instrument  sinks  when  placed  in  different 
liquids,  as  compared  with  the  depth  it  sinks  when 
placed  in  water. 

.ireametry, — The  measurement  of  specific 
gravity  by  means  of  an  areometer, 

Argaiid  Burner,  Electric  Haiid-Ll^hter 
(Sec  Burner t  Argand,  Electric  Hand- 
Lighter,) 

Argand  BiirncT,  Eleetrjc  Plain-Pendant 

(See  Burner,  Plain  Pendant,  Argand, 

Electric.) 

Argand  Burner,    Electric  Ratehet-Pen- 

dant  ■ (See  Burner,  Ratchet-Pendant, 

Argand^  Electric) 

ArgynHuetry, — The  art  of  determining 
the  weight  of  eleclrolytically  deposited  silver. 
(See  Balance',  Plating,) 

Arm,  Balance  * — One  of  the  resist- 
ances of  an  L-lectric  balance,  (See  Arms, 
Bridge  or  Balance,     Bridge,  Electric) 

Arm,  Bridge A  bridge  arm.      (Sec 

Arms,  Bridge  or  Balance.) 

Arm,  Cross A  horizontal  beam  at- 
tached to  a  pole  for  the  support  of  the  in- 
sulators for  telegraph,  electric  light  or  other 
electric  wires, 

A  telegraphic  arm.  (See  Arm,  Tele~ 
graphic) 

Arm,  BoL-ker An  arm  on  which  th6 

brushes  of  a  dynamo  or  motor  are  mounted 
for  the  purpose  of  shifting  their  position  on 
the  commutator. 

Arm,    Semaphore -The     movable 

arm  of  the  signal  apj»aratus  employed  in  block 
systems  for  railroads,  for  the  purpose  of  in- 
forming engineers  of  trains  of  the  condition 
of  the  road  as  nrgards  other  trains. 

In  the  absolute  block  system,  as  used  on  some 
roads,  there  are  two  positions  for  the  semaphore 
arm,  viz.: 

(I,)  For  Danger— when  in  a  horizontal  position, 
or  at  90  degrees  with  the  vertical  supporting  pole. 

(2. )  Clear— when  dropped  below  the  horizontal 
position  through  an  angle  of  75  degrees. 

In  the  Per  missive  Block  System,  a  third  position 
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iuluuicOiatc  between  the  ist  and  the  2d,  or  at  an 
wnghoijj  degrees  30  mimitcs  with  the  horizontal 
pofikion,  is  used  for  oratton.     (See  BfafJk  System 


Arm,  Sijfnal 


-A    semaphore    arm. 


(Sec  Arm,  Seniaphorc.) 

A  mi ,  T«i (^ m|>Ji it'  — —  "  A  cross-arm 
pJaoed  on  a  telegraphic  pole  for  the  sup)x)rt 
of  the  iosulators. 

llicse  arms  are  generally  called  crosj-anns^ 

Armjiturf.r — A  mass  of  iron  or  other 
magnetizabk  material  placed  on  or  tit^ar  the 
pole  or  poles  of  a  magnet. 

In  tlic  case  of  ^p^fmapitnl  magnet ^  the  arma- 
ture,  when  used  as  a  heper^  is  of  soft  iron  and  is 
placed  directly  on  the  ma^ct  poles.  In  this  case 
it  preserves  or  keeps  the  magnetism  by  closing; 
the  iintM  af  Magmetit  Jorc£  di  the  magnet  through 
the  salt  iron  a€  the  amtature*  and  is  then  called  a 
keeper,     (See  Farce ,  Majputk^  Uftes  cf.) 

In  the  case  of  an  electro- magnet,  the  armature 
is  placed  near  the  poles,  and  is  moved  toward 
them  whcnevei  the  magnet  is  energized  by  the 
passage  of  the  current  through  ihe  magnetizing 
cotK  This  mo^moent  ss  made  against  the  action 
of  a  spring  or  weiglits,  10  that  on  the  loss  of 
magnetism  by  the  magnet,  the  armature  moves 
trouL  the  magnft  poles .  ( See  Magneiy  Permiment . 
MtMgnet^  Keeper  of.) 

When  the  armature  Ls  of  soft  iron  it  moves  to- 
ward the  magnet  on  the  completion  of  the  circuit 
through  its  coils,  no  matter  in  wliat  direction 
the  current  flows,  and  is  then  called  a  nonpoiar- 
hsd  mnmatttre.     (See  Armatttre^  Nvn-P^iarixed  ) 

When  made  of  titel^  or  of  another  electro-mag- 


Fig,  io.     Bi'ptf*ar  Armaiurt, 

r  it  moves  firora  or  tcnrard  the  poles,  accord  - 
iny  to  whether  the  po\t%  of  the  armature  are  of 
the  same  or  of  a  differeiit  polanty  from  those  of 
the  magnet.  Such  an  armature  is  called  a 
pffl^riteti ^rmaiiere.    {See Armainre^  Poiarhed,) 


AmiatutT,  Bi-polar^ — An    armature 

of  a  dynanio-electric  machine  the  polarity  of 
which  is  reversed  twice  in  every  revolotion 
through  the  field  of  the  machine, 

A  form  of  bi-pokr  armature  is  shown  in  Fig.  20. 
The  word  bipolar  armature  is  not  generally 
employed.  The  term  applies  rather  to  the  field - 
magnet  poles  than  to  the  armature. 

Armature  Bore,— (See  Bore,  Armafmre^ 

Armature    Bore,    Eiriptkal (See 

Bore,  EUiptuai  Armature.) 

Armature      Chamtier. — (See      Cktk 
Armatwrt,) 

Armature    CoIIh,   Dyiiaino  — 

Coih,  Armatttrt\  of  Dynama-EUctric 

Armatnre   Core,   IHnamo    - —    — 

Core,  A  r ma  tun,  of  Dynamo-EJectric  Ma* 
chine,) 

Armature,     Cylindrical A    term 

sometimes  a]>plied  to  a  drum  armature. 
(See  Armature^  Drum,  Armature,,  Dy^ 
namo-EUcirk  Machine) 

.irmature«  Cyliudrieal  Biiig, — A  ring 
armature  with  a  core  in  the  shape  of  a  com- 
paratively long  cylinder. 

Armalnre,  Disc An  armature  of  a 

ilynamo-clcctric  machine,  in  which  the  arma- 
ture coils  consist  of  flat  coils,  supported  on 
the  surface  of  a  disc.  (See  Artnature,  Dy^ 
namo-Eicctric  Machine) 

Arraatnre,  Hlgfiymnietricid  Indue tiim  af 

Any  induction  produced  in  the  arma- 
ture of  a  dynamo-electric  machine  that  is  un- 
equal in  amount  on  opposite  halves,  or  in  sym- 
metrically disposed  portions  of  the  armature. 

Dissymmetrical  induction  in  the  armature  may 
cause  annoying  or  injurious  sparking  at  the  com- 
mutator.    It  may  arisfr— 

( I. )  From  a  lack  of  symmetry  in  the  .amount  of 
the  armalure  windings. 

(2.)  From  a  lack  of  symmetry  in  the  arrange* 
ment  of  the  armature  windings  on  the  armature 
core, 

(3, )  From  a  lack  of  sjrmmelry  of  the  pole  pieces 
of  the  machine. 

(4.)  From  an  improper  position  of  the  In 
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I  fC^vds  the  neutral  point  oii  xlm  coiuiiiatfttor« 
nitsiog  a  tcmpormry  short-circuitifig  of  one  or 
nore  of  the  armature  coils. 

Armtttare,  Dnim —An  amiaiura  of 

a   dynamo-electric    machine,    in   which   the 
I  armature  coils  are  wound  longitudinally  over 
tie   surface  of  a  cylinder  or  drum.     (See 
irmahtre,  Dynamo^EiecfrH'  Mtuhin^.) 

A  form  of  drum  armature  is  shown  in  Fig,  21. 


fltg.  a*    Drmm-Artmrnimn, 

Armature,     DjuaUKvElertric     Hachlue 

The  coils  of  insulated  wire  together 

tlh  ihc   iron  armature  core,  on  or  around 
v^hich  the  coils  are  wound. 

Thai  part  of  a  dynamo-electric  machine  in 
^hich    the    differences  of    potential    which 
ause  the  useful  currents  are  generated. 
GcncraUy,  that  portion  of  a  dynamo-elec- 
tric machine  which  is  revolved  between  the 
pote  pieces  of  the  field  magnets. 

The  armatuir  of  a  dynanio-elccttic   machine 
tuually  consists  of  a  series  of  coils  of  insulated 
I  or  cojiductors,  wrupped  iround  or  grouped 
central  ctire  of  iron.     The    movement  of 
r  wires  or  condoctcwis  through  the  magneiic 
<if  llfto  nadiiiie  produces  an  electiic  cur- 
tit  by  m«nH0f  Ae  tleetromative  forces  so  gen- 
tiooietinMi  the  lield  is  rotated  ;  some- 
^boih  Afroatnre  and  fidd  rotate, 

matures  of  dynamoHrlcctric  machines 
ifeof  A  great  variety  of  form?.  Tht-y  may  ior 
oonpffCfiiefice  be  arranged  under  the  following 
fcaidj,  m.t 

Cf^miri€4fi   9r    ih-^um-nrmafttreSt    tftscarmn- 

it^ki rMt/' mrma ttrr^t ,     For  further  pirliculars 
s  terms^     Armatures   are  also  dtvidod 


into  classes  according  (o  the  character  of  tlic 
magnetic  field  through  which  they  move^vix.: 
unipolar,  bipolar^  and  multipolar  armatures. 

The  English  sometimes  use  the  word  cylindrtcal 
armature  as  a  synonym  of  ring-armature. 

A  tmipolar-armature  is  oue  who-»e  polarity  h 
never  reversed.  A  bipolar  armature  is  one  iji 
which  the  polarity  is  reversed  twice  in  every 
rotation;  multipolar  armatures  have  thdr  po. 
larity  reversed  a  niunber  of  times  in  every  rota- 
tion. 

The  term  armature  as  applied  lo  a  dynamo- 
eleclric  machine  was  derived  from  the  fact  that 
the  iron  core  acts  to  magnetically  connect  the 
two  poles  of  the  field  magnets  m  the  same 
manner  that  an  ordinary  anuatune  cotitiects  the 
poles  of  a  magnet. 

Armature,  Flut  Rliii^ A  ring-arma- 
ture with  a  core  in  the  shape  of  a  short  cylin- 
drical ring. 

Antiaturc',  Cfirder  ^-^  — An  armature 
with  an  H-i*haped  or  girder-Eke  core. 

An  H -shaped  armature. 

Anualiire,  Iiitt'iislty  - — -  ^Au  old  tcroi 
for  an  armature  with  coils  of  many  turns  and 
of  a  comparatively  high  resistance. 

Armature,  Lain  I  nation  of  Cor«  of- — - 
— A  division  of  the  iron  core  of  the  armature 
of  a  dynamo-electric  machine  or  motor,  so  as 
to  avoid  the  formation  of  eddy-cuments 
therein.  (See  Corr,  Lamitiaiton  of.  Cur' 
rents,  Eddy.) 

Aritia!urt\  MultiiM»lar  — A  dviiamo- 

electric  machine  armature  whose  polarity  is 
reversed  more  than  twice  during  each  rotation 
in  the  field  of  the  machine, 

ArmaturiN  Xeidral A  non-polarized 

ami  at  u  re.     (See  Armaittrtt  Nofi^PoiarizedA 

Armature,  Neutral 'R44iiy A  relay 

armature,  consisting  of  a  piece  of  soft  iron» 
which  closes  a  local  circuit  whenever  its  dec* 
tro-magnct  recei\'cs  an  mii>ulsc  over  the  main 
line.     tSee  Armature,  F0iarise^.) 

This  term  is  applied  in  cxniEidiitiiictiao  to  m 
polarized  relay  armature, 

Annaturp,    Xon-r«lari2ed     — An 

armature  of  soft  iron,  w  hich  is  attracted  ton  ard 
the  poles  of  an  elect  ru-mag net  on  the  cotnpie 


Arm.] 


30 


[Arm. 


lion  of  the  circuit,  no  matter  m  what  direc- 
tion  the  current  passes  through  the  coils* 

The  term  non-polarUed  is  used  in  ccmtradiBtiiic- 
tloQ  to  polarized  armature.  (See  ArmatHre, 
Polarized, ) 

Th»  ti  on -polarized  armature  of  a  relay  magnet 
is  generally  called  the  neuhrai^relay  armature, 

AriuAtiirc  of  a  Cnhle,  or  Cablp-Arnitttnre, 

— A  term  sometimes  employed  for  the  sheath- 
ing or  protecting  coat  of  a  cable,* 

The  term  armor  sheathing  or  coating  is  prefer- 
able. 

Armature  of  ti  €oiideii§M>rf  or  Condetiiier 
Anutttuns— A  term  sometimes  applied  lo 
the  metallic  plates  of  a  condenser  or  Leyden 
jar. 

The  use  of  this  term  ii  unnecessary  and  ill- 
advised.  The  term  coating  or  plaie  wonld  appear 
to  be  preferable, 

Ariiiiititre  of  Hi^Uk  Maehiiuv  i»r  lloltz- 
Maehlup  Ariiititiiro. — The  pieces  of  paper 
that  aif  placed  on  the  siatiunarv  plate  of  the 
Holtz  and  other  similar  electrostatic  induction 
machines, 

A  rui  at  11  r I*  V\\ii  kela* — ( See  Pockets^  A rma - 

Arnialuns  Polarized -An  armature 

which  possesses  a  polarity  independent  of 
that  imparted  by  the  magnet  pole  near  which 
it  is  placed. 

In  perminent  magnets  the  armatures  are  miide 
of  soft  iron,  and  therefore,  by  induction ^  lw:tomc 
of  a  polarity  opposite  to  that  ot  the  magnet  poles 
that  lie  nearest  them .  They  have,  therefore,  only 
a  nioiion  of  attraction  toward  such  poles.  (See 
Indudion^  Magnttic) 

In  electro-magnets  the  armatures  may  either  be 
mtde  of  soft  iron,  in  which  case  they  are  attracted 
only  on  the  passage  of  the  current;  or  they  may 
lie  formed  of  permanent  steel  magnets,  or  may  be 
electro -magnets  themscUes,  in  which  case  the  pas- 
sage  of  the  current  through  the  coils  of  the  dec- 
tro-magnetf  or  electro  magnets,  may  cause  cither 
attraction  or  repulsion,  according  as  the  a^ljacent 
poles  arc  of  opposite  polaniy  or  ire  of  the  same 
polarity. 

Arniatiiriv  Pole An  armature  the 

coils  of  which  are  wound  on  separate  poles 


that  project  radially  from  the  periphery  of  a 
disc,  drum  or  ring. 
A  pole-armature  showing  the  arrangisnent  of 


Fig,  32.    Pott^Armatmrt^ 
the  coils  and  iheir  connection  to  the  commutator 
segments  is  seen  in  Fig.  22. 

Armatnrp,  Qtiatitlfy An  old  term 

for  an  armature  wound  with  but  a  few  coils 
of  comparatively  low  resistance. 

Armature,  RadUl  - 

times  ust'd   instead  of 
Armature,  Pole.) 

Armature,  Blni? A  dynamo-clcctiic 

machine   armature,  the  coils  of  which  arc 
wound  on  a  ring-shaped  core. 


—  — A  term  somc- 
pole-armaluiti,     (Sec 


Fig,  M3>     Ring-ArmAiwrt, 

A  ring-armature  is  shown  in  Fig.  25,  togeth 
with  the  dis^K^^ition  nf  the  coils  and  their  connec- 
tion to  the  segments  of  the  commutator. 

Armature,   Shuttle —A    variety    of 

drum  armature  in  which  a  single  coil  of 
wire  is  wound  in  an  H -shaped  groove  formed 
in  a  bobbin  shaped  core. 

The  old  form  of  Siemens-armature, 

Arniuturi%  Hiiif^le'Loop A  closed 

conducting  circuit  consisting  of  a  single  loop, 
capable  of  revolving  in  a  magnetic  field  so  as 
to  cut  its  lines  of  force. 

Armature  §pider,— (See  Spider^  Arma* 
ttirt',} 
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ArniAtiirc,   Sphf rieal  — A  dyriamo- 

cledric  machine  armalure,  the  coils  of  which 
arc  wound  on  a  spherical  iron  core. 

The  Thomson 4Xouston  dynamo,  which  h  the 
only  machine  employing  an  armature  of  this  type, 
has  lis  annjilure  formed  hy  wrapping;  three  coib 
oCiosulated  wire  on  a  core  of  iron  &o  shaped  as 
to  intnre  w  approximately  spherical  armature 
wncs  WTupped. 

Aramtnr^,  Twothod  liin^  —An  ar- 

inature,  the  core  of  which  is  in  the  shape  of 
a  ring;  provided  with  a  number  of  teeth  in  the 
spaces  between  which  the  armature  coUs  are 
pUceti. 

Amstnre,  tnUwilar A  dynamo- 

clcctric  machine  armature  whose  polariiy  is 
not  reversed  during  its  rotation  in  the  field 
of  the  machine. 

Ariiiiitiire«  Yentilalion  of —A  pro- 

for   invuring    the   free    passage   of  air 
^h  the  armatuH!  of  a  dynamo-electric 
line  in  order  to  prevent  overheating. 
Anner  of  Cable. — (Sec  Cato,  Armar  of.) 
Annorod  C«hlr»— (See  Cable,  Armored,) 
Arinored     C<}iidEefor. — (Sec     Conductor, 
irm&red,) 

AriUM,    Briilfc    or   Balance The 

trie  resistances,  in  the  electric  balance  or 
(Sec  Bridge.  Ekctric.) 


Zn    C 

Jia  rniknowii  resistance,  such,  for  example,  a^ 
0t  F*K*  ^  **  measured  by  proportioning  the 
IcDOwn  mUtancc!.,  A,  C  and  B,  50  that  no  currcDt 
Aowi  through  the  i^aivanamcter  G,  across  the 
Bite*  bridge  M  ti  N, 

hrm^  I*ro[H>rlioiiate The  two  re- 
ts or  arms  of  an  electric  bridge  whose 
fp  or  proportionate  rests tiinccs  only  are 
re(|itircd  to  be  known  in  order  to  determine, 


in  connection  with  a  known  jesistance,  the 
value  of  an  unknown  resistance  placed  in  the 
remaining  arm  of  the  bridge* 

Thus  is  Fig.  34,  A  and  B,  are  the  proportionate 
arms. 

Arrangement  or  I>eflce,  EleetromotiTi* 

A  term  sometimes  employed  to  rep- 
resent a  dynamo-electric  machine,  voltaic  cell 
or  other  electric  source,  by  means  of  which 
electromotive  force  can  be  produced. 

Klectric  sources  do  not  produce  electric  cur- 
rents, but  differences  of  potential  or  clectro- 
mutive  force.  Electric  sources  arc  therefore  very 
properly  termed  electromotive  devices. 

Arrester,  Ltghinfii^  — A  device  by 

means  of  which  the  apparatus  placed  in  any 
electric  circuit  is  protected  from  the  destruc- 
tive effects  of  a  flash  or  bolt  of  lightning. 

In  the  phenomena  of  InLrai  indudimi  and 
ititcrnative path^  wc  have  seen  the  tendency  of  a 
tiisrupthte  discharge  to  take  a  ihort-cut  across  an 
intervening  air  space,  rather  than  through  a 
longer  though  better  conducting  path.  Most 
lightning  arresters  are  dependent  for  their  opera- 
tion on  this  tendency  to  lateral  di^harge,     (See 

A  form  of  lightning  arrester  is  shown  in  Fig.  25. 


Fi^,  1/,   C»mb  Ughtmn^-Arrfsier, 

The  line  wires,  A  and  B,  are  connected  by  two 
metallic  plates  to  C  and  D,  respectively. 

These  plates  are  provided  with  points,  as  shown, 
and  placed  near  a  third  plate,  connected  to  the 
ground  by  the  wire  G.  Should  a  bolt  strike  the 
hne,  It  is  discharged  to  the  earth  through  ihe 
wire  G. 

Various  forms  are  given  to  lightning  arresters 
of  this  type.  The  projections  are  sometimes  placed 
on  the  ground  connected  plate  as  well  as  on  the 
plates  connected  to  line  wires.  This  form  id 
sometimes  called  a  €»m^  mreiitr^  or  protttt&r. 
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Aimter,  UghtAiiig,   Comli    —A 

term  aomctinies  applied  to  a  lightning  ar- 

I  restcr  in   which   both   the  iinc  arwi  ground 

plates  are  furnished  with  a  series  of   teeth, 

like  those  on  a  comb,     (Sec  Arrester,  Ligkl- 

nollre    Fo>rM A  ligbtning  airestcr. 

in  which  the  passage  oC  the  discharge  through 
the  instruments  to  be  pnrtccted  is  opposed 
by  a  count er-cJoctrowiotive  Corce,  geoeniled 
by  inductiod  on  the  j^assage  of  the  discharge 
of  the  bolt  to  earths 

The  countcr-dectromotive  force  ligTitmmg  ar- 
rester is  aji  inventioa  of  ProiesBor  Eliliu  Thomson. 

It  astiiaies  a  vuicty  of  forms.  Id  the  &ha^ 
shomi  in  Fig.  26,  the  luc  circuit  of  the  dynamo, 


Arrester. 

D»  has  one  end  cooaecied  to  ground,   and  the 

I  other  end  has  two  ccmducting  paths  to  ground. 

I  One  of  these  paths  is  through  the  ordinary  comb^ 

protector  at  P,  by  the  ground  pUtc  E;  this  cir- 

cuit  includes  a  few  turns 

Iriaa^HB^raL^,,^       of  Mrire  C\      The    other 

^^^HH^^^  I,     path  is  through  a  corres- 

■^^^HH^^   pooding    cool   C,     either 

JtowMMB  interior  or  exterior  to  C, 

wa  as  to  be  within  its  in- 

Sducdvc  lidd.     As  will  be 
seen  from  the  figure,  C,  is 
Fie,  *7.    Cmmttr-EUc*  ooonectod     through      the 
tremt^imt   ^rwt    £jif*i'  machine  to  (lae    grouad. 
mmffArfwtttr.  The     iDductioii     coils    C 

and  C\   are    thoroughly    insulated    {rom    each 
Other. 

Should  a  lightning  dash  or  other  static  discharge 

pass  through  the  circuit  C,  wluch  is  of  compara- 

Uvdy  low  self -tod  ucdon,  a  counter-electromoiive 

force   is  produced  in   the  otiicr  coil    C,   which 

I  protects  the  line  circuit. 


Ill    the   torni   oi    ughtnin^f   arrester  shown 
Fig.  27,  the  coil  m  the  path  of  the  direct 
ning  discharge  is  formed  into  an  exterior  mesh  er" 
net  work   surrounding  the  dynamo  to  be  pro* 
tec  ted.     In  this  (mse,  the  coils  of  the  dynaiDO  act 
as  the  secondary  coBs  ia.  which  the  counlcr  dec- 
tromotive  force  is  art  up. 

JUrrester,  Ugrhtitliig,  Tramiirormer  - 

— A  form  of  lightning  arrester  designed 
the  protection  of  transformers. 

The  Thomson  arrester  for  transformers  opcr* 
ixiQ&  on  the  ^me  principle  as  bis  arc-Une  pra< 
tector.  In  the  latter  the  arc,  when  formed, 
ts  blown  out  by  the  action  of  the  fidki  af  m 
electro- magnet.  This  arc  is  formed  on  cmmi 
metallic  bows,  one  of  which  is  connected  to  line 
and  the  other  to  earth.  The  arc  is  formed  at  the 
&m  id  I  est  interval  between  the  bows^  and  is  ex  tin  • 
jruisbcd  by  being  driven  by  action  of  a  magtictic 
Held  toward  greatest  interval- 

Arrf*****^  Plate  of  ll^htnlag  PTDtedor, — 

(See  Plate',   Arrt'sf<'f ,    of  Lightning   Pro- 
tector.) 

Arrestjf^r  I'ltiN^s.— (See  Plates,  Arrester,) 

Arlieitlilk  Speech. — (Sec  Speeeh     J*-'^ 
/ate,} 

Arttflctfil  Carbons,— (Sec  Carkm^\  Ar 
Jiiial.) 

ArtilleJal  IlUnulnatioii. — (See  niumina- 
tioH,  Artificial] 

Artjfleiiil  L!iie.— (See  Une,  Artificial^ 

ArtlilcJal  Mttgnei, — tSee  Mmgnet,  Arti- 
JiciaL) 

Asphyxia.^Snspended  respiration,  result- 
ing eventually  in  death,  from  non-aeration  of 
the  blood. 

In  cases  of  insensibiiity  by  an  electric  shock  a 
species  of  asphyxia  is  sometimes  brought  about. 
This  is  due,  probably,  to  the  failure  of  the  nerve* 
and  muscles  that  carry  on  respiration .  The  exac^ 
mattiier  in  which  death  by  dcctrical  shodc  rcsid^ 
is  not  known,     (See  Death,  E  let  trie, ) 

AuBjrniiiietri^al  Resist«noe«^ — (See  iP^ 
ancr,  AssymmetricaL) 

AMtaiie. — Possessing  no  directive  power. 

Usually  applied  feo  a  magnetic  or  dectro-mag. 
netic  4ie\icc  which  is  free  from  any  teodcocy  1 
take  a  definite  positioa  cut  account  of  the  cartel 
magnctittii. 
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jUtaUe  Circuit.— (Sec  Circuit.  Asiatic^ 
A^^tjitic  Ooijple.-^Sce  Couple,  Asiatic^ 
.iiiijiljc  GaivAtioQieter. — (See  GaivaHom- 
r.  AitatU.) 

Aittjitic  X^'edle,— (See  Needle.  Asiatic.) 
A»Uac  I'Air.— <See  Fair,  Asiatic.) 
KntmUt  f^jsteoi. — (See  System,  Asiatie,) 
.islnmomieAl  Meridian,— (Sec  Meridian, 
str&twmicat.) 
Asjiiipti»te  of  Carve, — (See  Curve,  Asymp- 

AyniMfilaer?,  An A  unit  of  gas  or 

pressurr  eqtial  to  about  1 5  pounds  to  the 
care  mch. 

SX  the  level  of  the  sea  the  ;itmQ$phcrc  cxej  ts  a 

of  about    15   pounds  avoirdupois,   or^ 

re  accurately,  14.73  pounds,  on  every  st^uare 

of  the  earth ^s  surface.   This  value  ha^  Ihere- 

lore  been  taken  as  a  unit  of  lluid  pressure. 

For  more  accurate  racasurcmeiits  pounds  to  the 

^uare  inch  are  eniptoyed. 

la  the  metric  system  of  weights  and  measures 
atflMMpbere   b    considered    equal   to     1,053 
per  square  centimetre. 
Atiao«|iberic  pressures  arc  measured  by  in^tru- 
its  Calted  Mafwmetcn.     (See  Mancmctt-r.) 

Altt09iplii*re,  Resldiml The  traces 

of  air  or  other  gas  remaining  in  a  space  which 
has  bcco  exhausted  of   its  gaseous  contents 
by  a  pum^  or  other  means. 
It  ii  BCxt  to  iBipoQSible  to  remove  all  traces  of 
^^ir  imai  x  veisd  by  any  kuowu  form  of  pump  or 
^^■0ier  appUancc.     (See  yaamm,  Ahs&iuif.) 

^B  Ateisplitre,   Tbe The  ocean  of 

^^^  wllicll  aurrounds  the  earth. 
^V  Tbe  ■tawiphcie  is,  approximately,  composed, 
^■ly  ^icigtit,  of  oxygen  23  parts,  aiid  nitrogen  77 
f      pArti,     Besides  these  there  are  from  4  to  6  parts 
r  T    ,000  of  carbanic  acid  gas  (or  about  a  cubic 

t  carbonic  add  to  a  cubic  foot  of  air),  and 
Tirjing  proportions  of  the  vapor  of  water. 

Tlie  osy^cii«  oitro^en  and  carbonic  add  form 
tie  OPiMtMit  iagredimts  of  the  atmosphere,  the 
Ti^or  «f  mier  dke  variable  ingredient.  There 
inr  in  flKiit  localities  a  nuint)er  of  other  variable 
3<i«diKCtCi  preiciit  as  impurities. 

Atii«iipfe4trle  Elcelrieity.— (See  Eleciric- 
*tj.  Attn^pheric.) 


Atiuostiberic  El^lricity*  Origin  of 

— (See   E/ecfricity,  Atmospheric,  Origin  of,) 

Atom.— Tbe  smallest  quaniity  of  clemen- 

tar)'  or  simple  matter  that  can  exist. 
An  ultimate  particle  of  matter. 

Atom  means  that  which  cannot  be  cut.  Tl  is 
generally  believed  that  material  atoms  are  abso- 
lutely unalterable  in  size,  shape,  weight  and  den- 
sity  ;  that  they  can  ndther  be  cut,  scratched « 
flattCDcd,  nor  distorted  ;  and  that  they  are  im- 
aflectcd  in  size,  density,  or  shape,  by  heat  or 
cold,  or  by  any  known  physical  force. 

Although  almofit  inconceivably  small,  atoms 
nevertheless  possess  a  defmite  size  and  mass. 
According  to  Sir  William  Thomson,  the  smallcfit 
visible  organic  particle,  1-4000  of  a  millimetre  in 
diameter,  will  contain  about  30,000,000  atoms. 

Atom,  CluAed-Slagtteiie  Circuit  of 

(See  Circuit,  Clased'-^MagHetic ,  0/  Atofn.) 

Atom,  (ffraniinr Such   a   number 

of  grammes  of  any  elementary  substance  as  is 
nutiierically  equal  lo  the  atomic  weight  of 
the  substance. 

The  gramme-atom  of  a  substance  represents 
the  number  oicat&rUs  retjuired  to  raise  ibe  tem- 
perature of  one  gramme  ol  that  substance  through 
I  degree  C.  (See  //eaif  Atemic,  Ca/orie.)  Thus, 
in  the  case  of  chlorine,  whose  atomic  wdght  h 
33.5,  its  gram  me -atom  is  35.5  ;  consequently 
35.5  small  calories  of  heat  would  lie  required  to 
raise  one  gramme  atom  of  chlorine  through  i 
degree  C. 

Atam  of  Electricity.— (See    Eiectricity, 

Atom  of.) 

Aldin,  Vortex A  number  of  particles 

of  the  universal  ether  moving  in  the  manner 
of  a  vortcjt  ring. 

The  theory  of  vortex  atoms,  so  formed  from 
vortex  rings,  was  propounded  by  Sir  William 
Thomson  in  order  to  explain  how  a  readily  mov- 
able substance,  like  the  universal  ether,  could  be 
made  to  possets  the  properties  of  a  rigid  sobd.  If 
it  be  granted  thai  a  vortex  motion  has  once  been 
imparted  to  the  universal  ether,  Thomson  shows 
that  such  rings  would  be  indcstroctible.  (See 
Maiter.  Th*>msfn"j  Hyp^tkesii  of,) 

Atomic    Attmctlim.  —  (See     Attraction, 

Atomic.) 
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Atomic  Capacity. — (See  Capatity,  Atom- 


ic.) 


f 


Atomie  Cnrrentii, — (See  Currents,  Ai&m- 


AtoniJe  Eiier^y.—* (Sec  Eturgy,  Afamic) 
Atouiie  Heat,— (See  Neai,  Atomic.) 

Atomic  vr  Mi^lf'cular  IndiicM  Curreiitn. 
— (Sec  Currents t  Induced^  Molecular  or 
Atomic.) 

Atomic  Weight— (Sec  Weight,  Atomic.) 

Atflnilf'it)'.— The  combining  capacity  of 
ihe  atoms* 

The  relative  equivalei^ce  of  the  atoms  or 
their  atomic  capacity. 

The  elementary  atoms  do  not  always  combine 
atoai  for  atom.  Sonic  single  atoms  of  certain 
cleroenrs  will  combine  with  two,  threc»  four,  or 
even  more  atoms  of  another  clement* 

The  value  of  the  atomic  capacity  of  an  atom  is 
also  catlcd  its  quantiviilcmt  or  valency. 
Elements  whose  atomic  capacity  is^ 

Oiie»     are  called  Monads,     or  Univalent, 
Two^         **  Dyads,        **  Bivalent. 

Three.       **  Triads.        '*  Trivalcnt 

Four,         **  Tetrads,       *'  (Quadrivalent, 

Five,         **  Tenlads,      **  Qiunquivaleirl 

Six,  *'  Hexads,      **  Sexivalcnt. 

Seven,       **  Heptads,    **  Scptivalent, 

Atoitiizatfon. — The  act  of  obtaining  liquids 
in  a  spray  of  finely  divided  particles. 

In  most  cases  the  term  is  not  literally  correct, 
as  each  of  the  smallest  particles  eo  obtained  tisu- 
ally  consist  of  many  thousands  of  atoms. 

Atoiuke. — To  separate  into  a  fine  spray  by 
means  of  an  atomizer.     (See  Atomiser.) 

Atomizer. — An  apparatus  for  readily  ol>- 
taining  a  finely  divided  jet  or  spray  of  liquid. 

A  jet  of  steam,  or  a  blast  of  air,  is  driven  across 
the  open  end  of  a  tube  that  dips  below  the  surface 
of  the  liquid  to  be  atomized.  The  partial  vacuum 
so  formed  draws  cp  the  liquid,  which  is  then 
blown  by  the  current  into  a  fine  spray. 

Attract — To  draw  together. 
AltractM-DiHc  ElectroKiet<^r. — (Sec  Elec- 
trometer, Atfracted-Disc) 

Alt rftetliiff.— Drawing  together. 


Attruetloii.— Liierally  the  act  of  drawing 
together. 

In  science  the  name  attraction  i%  given  to  a 
series  of  unknown  causes  which  effect,  or  are  as- 
sumed to  eHect,  the  drawing  together  of  atoms, 
molecules  or  masses. 

Attraction  and  repulsion  underlie  nearly  all 
natural  phenomena.  While  their  effects  are  well 
known,  it  is  doubtful  if  anything  is  definitely 
known  of  their  true  causes. 

Since  attraction,  pure  and  simple,  nece:iaitates 
the  belief  in  action  at  a  distance,  an  action  which 
is  now  generally  discredited,  we  roust,  strictly 
speakmg,  regard  the  term  attraction  as  being  but 
a  convenient  substitution  of  the  effect  for  the 
cause. 

It  would  appear  much  more  reasonable  to  re> 
gard  the  effects  of  attraction  as  produced  by  a 
true  push  exerted  from  the  outside  of  the  bodies. 
According  to  this  notion,  two  masses  of  matter 
undergoing  attraction  are  pushed  together  rather 
than  drawn  or  attracted  together. 

It  has  been  suggested  that  gravitation  may  per- 
haps  bean  effect  of  a  longitudinal  motion  or  vibra 
tory  thrust  in  the  universal  ether.  If  this  is  the 
case,  and  the  ether  h  sensibly  incompressible,  the 
velocity  of  gravitation,  it  would  appear,  should  be 
almoitt  infinite. 

Attrai*tic*ii,  Atomic The  attraction 

which  causes  the  atoms  to  combine,  (See 
Affinity,  Chemical.) 

In  the  opinion  of  Lodge,  atomic  attraction  U 
the  result  of  the  attraction  of  dissimilar  chaxgesof 
electricity  possessed  by  all  atoms,  which  arc  capa 
b!e  of  uniting  or  entering  into  chemical  combi- 
II  .It  i  on .     ( Sec  fihitricity,  A  tern  of. ) 

A1lr»c'tion,  t'H|illlHry  — The  molec- 
ular attr.iclions  that  are  concerned  In 
capi  11  ar>'  phe  n  om  en  a,     ( See  Capillarity. ) 

Attraetjofi,  Kleetro-Ilyiianilc  — The 

mutual  attraction  of  electric  currents,  or  of 
conductors  through  which  electric  currents 
are  passing.     (See  Dynamics,  Electro,) 

Attraction,  Eleetro-Ma^netic The 

mutual  attraction  of  the  unlike  poles  of 
electro-magnets.     (See  Magnet,  Electro.) 

Attraction,       Eloetrostatic  —The 

mutual  attraction  exerted  between  unlike 
electric  charges,  or  bodies  possessing  unlike 
"lectric  charges. 
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Fw  example;  the  pith  WW  supportctl  on  an  in- 
aJaUed  strmg  is  aitracted,  as  shown  at  A,  Fig*  iS* 


Fig.  3q.    m^trMfaiic 


p  a  btt  ol  sulphur  which  has  been  briskly  rubbed 
a  piece  of  silk.     As  soon»  however,  as  the  ball 
C5  the  sulphur  and  receives  a  charge*  it  is 
pii,  as  shown  at  B,  Fig,  29. 
Tbesc  atlracticrtis  ard  repulsions  arc  due  to  tht; 
Is  of  tle€trosiatU  inducH&n,     (Sc€  Induftion, 

AtlractioQ,  BfAg'tietlc —The  mutual 

JttraCtion    exerted    between    utiUke    magnei 
poles« 

Magsrtic  attracilous  and  repulsions    arc   best 
ibown   by   means  of    the  mnptettc  ncedic  N  S, 
The  N.  pole  of  an  approached  magnet 

S     N 


-^ 


Hg,  JO.      ,%fagTittii  Attraction. 

CU  the  S.  pole  of  the  needle  but  repels  ihe 
p.  pole. 
The  \vm%  of  magnelic  attraction  and  rt^pulsion 
ajf  he  stated  as  follows,  viz.: 

Magnet  poles  of  the  same  name  repel  each 
1^  thufl^  a  north  pole  repels  another  north 
I  «  ftottlh  pole  repels  another  south  pole. 


Fig*  St,    hloAtitis 


(2.)  Magnet  poles  of  unlike  names  attract  each 
other;  thus  a  north  |K)le 
attracts  a  south  pole^  or 
a  south  pole  attracts  a  r^ 
north  pole* 

A  small  bar  magnet, 
N  %  Y\^,  3tp  laid  on  the 
top  of  a  hght  vessel  Boating  on  the  sxu'face  ot  x 
Ihiuici,  may  be  readily  employed  to  illustrate  the 
laws  of  magnetic  attraction  and  repulsion. 

Attraction,  Mans  - —  —The  mutual  at- 
traction  exerted  between  masses  of  mattcr. 
(See  Graviia(i0Pt.) 

Attraetion,  M<»1ar —A  lean  some- 
times employed  for  mass  attraction. 

Gravitation  is  an  example  of  mass  attraction, 
where  the  mass  of  the  ^krth  attracts  the  mass  of 
some  body  placed  near  it.     (Sec  Gravitation.) 

AttraetioiiHp  Molei'nlar The  mutual 

attraction  exerted  between  neighboring 
molecules. 

The  attraction  of  Hkc  molecules,  or  those  of  the 
same  kind  of  matter,  ts  called  Cohesion  ;  that  of 
unlike  molecules^  Adhesion. 

The  tensile  strength  uf  iron  or  stt^el  is  due  \q 
the  cohesion  of  its  m-Jccules.  Paint  adherv;*  lo 
wood,  or  ink  to  paper,  by  cohesion  or  the  attrac- 
tion between  the  unbkc  molecules. 

A  tt  met  ion  of  GraTitiitloii.— A  term  gen- 
erally applied  to  the  mutual  attraction  be- 
tween masses,     (See  Gravitation,) 

Attractions  and  Repnlaions  of  Onrrents, 

— (See  Currents.  AitractioPis  ami  R^pithions 
of.) 

And  [phone. — A  thin  plate  of  hard  rubber 
held  in  contact  with  the  teeth,  and  maintained 
at  a  certain  tension  by  strings  attached  to  one 
of  its  edges,  for  the  purpose  of  aiding  the 
hearing. 

The  plate  is  so  held  that  the  sound -waves  from 
a  speaker*s  voice  impinge  directly  against  its  flat 
surface.  It  operates  by  means  of  some  of  the 
waves  being  transroiticd  to  the  ear  directly 
through  the  bones  of  the  head. 

The  audiphone  is  sometime  called  a  demiU 
pkmts. 

Aural  Eleetrode.^(Sce Electrode,  Aural) 
Aurora  Au^stralls,— The  Southern  Light. 
A  name  given  to  an  appearance  in  the  south- 
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em  heavens  similar  to  that  ol  the  Aurora 
Borealis,     (See  Aurora  hortafts.) 

Aurara  B«n^ii^ — The  Northern    Light. 

Luminous  &h«cts,  columns,  arches,  or  pillars 
of  pale,  flashing  light,  generaUy  of  a  red  color, 
seen  in  the  northern  heavens. 

The  auror&l  tight  assumes  a  ^reat  irariety  oC  ap- 
pearances, to  which  the  terms  nur^rai  arek^bands, 
cifrona\  atrtains  and  strttimers  are  applied. 

The  exact  cause  oi  the  aurora  is  not  as  yet 
known.  It  would  appear,  however,  beyond  any 
reasonable  doubt,  that  the  auroral  dashes  are  due 
to  the  passage  of  electrical  discharges  through  the 
upper,  and  therefore  rarer,  regions  of  the  atiiuis- 
phere.  The  intermittent  flashes  of  light  are  prob- 
ably due  to  the  discharges  being  influenced  by  the 
earth's  magnetism. 

Auroras  arc  frequently  accompanied  by  wi»^- 
niii€  storms,     (See  Siarm^  Ma^ufic.) 

The  occurrence  of  auroras  is  nearly  always 
simultaneous  with  that  of  an  unusual  number  of 
JHH  Spots.  Auroi-as  are  ilierefore  probably  con- 
nected wtth  outbursts  of  the  solar  energy.  (See 
Spots ^  Sun.) 

The  auroral  light  examined  by  the  spectroscope 
gi  v»i3  a  spectrum  characteristic  of  luminous  gaseous 
matter,  i.  ^,,  contains  a  few  bright  Hoes;  but,  ac- 
cording to  S.  P.  ThompsoOj  this  spectrum  is  pro- 
duced by  matter  that  is  not  referable  with  cer- 
tainty to  that  of  any  known  substance. 

Whatever  may  be  the  exact  causs  of  auroras, 
ihcir  appearance  \\  almost  exactly  reproduced  by 
the  passage  of  electric  discharges  through  vacua. 

Aurora  FolaHn. — A  general  term  some- 
limes  applied  to  aurora  in  the  neighborhood 
of  either  pole,  or  m  either  the  northern  or 
the  southern  hemisphere. 

Atiroriil  Arch, — (See  Arch,  Aurora/,) 
Aitninil  Bands. — (See  Bands,  Aurora/,) 
Auroral     (!oroiuD.— (See     CoroHtr,     Au- 
rora/,} 

Auroral  fnrlAin.^See  Cur/ain,  Au- 
rora/, ) 

Auroral  Fltisbefl. — (See F/^shes,  Auroral.) 

Auroral  Licrht. — (See  Light,  Aurora/.) 

Auroral    Storm.— (See  Storm,  Aurora/.) 

Auroral  Sln^amcr, — (See  Streamer,  Au- 
rora/) 
Auroras    and    Marnetfe   Stamiii,   Feri- 


odklty  of — 

tween   the  occurrence 


Obscr\*ed  coincidences  he- 
of  auroras,  magneiic 


ns»fl 


storms,  and  sun-spots. 

The  occurrence  of  auroras,  or  magnetic  storms, 
al  periods  of  about  eleven  years  apart*   corre-d 
aponds  to   the  well-known  c/evem^year  nm-spai 
prrifid. 

The  period  also  agrees  with  a  variation  in  thQ 
magnetic  dccJinalion  of  any  place^  which,  accord^ 
ing  to  Sabine^  occurs  once  in  every  elevcu  years, 

Aoatral  Magnet k  Pole.— (See  Polif,  ^fa^^ 
netic.  Austral,) 

Anto^raphir  Telegraphy.  —  (See  T^Uji 
rapfi}\  Autox^raphic) 

AiitotaatJe  Auuutieiaf4»r  Drop,  —  (See 
Drop,  Annunciator,  Automatic) 

Antotnatie  BelL — See  Be//,  AutometU't 
K/ectric) 

Aittomatie  Ckiiitiiet  Breaker, — (^ 
tact  Breaker,  Automatic.) 

Autcuuatie  Vut4iut—{See  Cui^Out,  Ah 
tomatic^ 

Automatic  Cnt^Ont  for  Multiple-Coaneet* 
ed  Electro*  It  et-ept  I  vo  lie  vices. — (Sec  Cv/- 
Out^  Automatic,  for  Mu/tip/c-ConnectcK\ 
E/ectro-Receptive  Deinces.) 

Automatic  Cut-Out  for  Horle^€ouut4*ti*«l 
Eltn'tro'Kocrptivc  Devices. — ^(See  Cut-Out^ 
Automatic,  for  SerieS'^Conneded  E/tctro^Hi^ 
ceptive  Devices,) 

Ant4»matie    Drop,  — (Sec    Drop,    Auttn 
ftmtic) 
Aatotnatic  Eleetrlc  Burner. — (S^eBurtt* 

er,  Automatic  Eiectric.) 
Automatic    Electric  Safety  Hystem  lor 

Hai  1  r*  WW  I  s. — ( See  Ra  i /roads  ^  A  utomatic  E/eC'- 
trie  Safety  System  for,) 

Antomatitt  Fi re-Alarm,  —  (Sec  A/arm f 
Eire,  A  utomatic, ) 

Automatic   iJas   Cut-Off.  — (See  CtH-Of, 

Automatic  Gas.) 

Automatic   Indicator.  —  (See   Indicator^ 

Automatic.) 

AutoiiLatic  Make-and-Break.— (See  J/a/^ 
and-Breakt  Automatic) 

A  utomatic Otler.^(Scc  Oiter,  Auf&matich 
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AiiloiiiAUe  Paper- Wwdf^r.— (See  Wind^, 
\  Ttitgntpkic  Paper.) 

Aatomalie  Refirulatum.— (Sec  Regulation, 
hitomatic) 

AatoDiatlc  Bejrulator.— (Sec  R<gulahrr, 
4u/amaiu.} 

AuUmwJ^  S«arf h-Ught.  —  (See  t^^/, 
rare  A,  Axiomatic) 

Autoniatie  Hwiteli  f<»r  Ineniideseeiil  Elec- 
tric Ijiiin|i, — (See  Sut/itc/t,  Jutom(itu\  for 
(nx^andfscent  Eiectric  Lamp,) 

Aatomatfc  Telegraphy.  —  (See  Teteg- 
rapky^  Auiomatit\) 

Antoinatic  Telephone  Switeh.  —  (See 
^iwiuA,  Tiifphone,  Automate,) 

Antomntie  Time  Cut-Onts,— (See  Cut- 
f,  Auttymatic  Time,) 

Antiimatlc  Tariahle  Resistanee. — (See 
Fesisiance^  Variable,  Automatic.) 

Antoinatieallj  Regiilahle.--(See  Regula- 
fU,  Automatically.)      * 

liit«ftm<»hil«  Torpedo^ — (See  Torpedo,  An- 

Aieraff«  ur  Mean  El eetn>iu olive  FovM^— 
<Sce  Fcrc€^  EUctnmtative,  Average,  or 
S/eaH.) 

•  of  ro-«nIiitiite!*,— (See  Coordinates, 
ijtes  of.) 

Axial  Magnet.— (See  Magnet,  AxiaL^ 

Axis*    Magnetic ^— The  line  around 

pk'hich  a  magnctiQ  necdte,  free  lo  move,  but 
vhich  has  come  lo  resl  in  a  magnetic  field. 
Mn  be  turned  without  changin)^  the  set  or 
iirectjon  in  which  it  has  come  to  rest. 

Axim  Magnetic. of  a  straight  Needle 

-A  straight  line  drawn  through  the  iTiagnei, 
fining  its  poles. 


The  magnetic  axis  of  a  straight  needle  may  be 
regarded  as  a  straight  Une  passing  through  tbt 
poles  of  the  needle  and  its  point  of  support. 

The  magnetic  axis  may  not  correspond  with 


the  geometric  axis  of  the 
needle.  This  leads  to 
an  error  in  readini;  the 
true  direction  in  which 
the  needle  i%  pointing, 
which  must  be  cor- 
rected. Thus,  the  nee- 
dle N  S,  Fig.  32,  points 
to  31  degrees  on  the 
scale.  In  reality,  if  the 
magnetic  axis  of  tke 
needle  lies  in  the  line 
N'  S\  the  true  deflec- 
tion of  the  needle  is  only 
28  degrees. 


flft  ^  % 


ji,    Magnritc 


Axis  »f  AbiiciHsaiw — (See  Abscissas,  Axis 

of.) 

Axis  of  OrUinate^iu— (See  Ordinuies,  Axis 

¥^ 

Azimuth. — In  astronomy,  the  angular  dis- 
tance between  an  aximiith  circle  and  the 
meridian. 

The  azimuth  of  a  heavenly  body  in  the  North- 
ern Hemisphere  is  measured  on  the  arc  of  the 
horiton  intercepted  between  the  north  point  ol 
the  lioriion  and  the  point  where  the  great  circle 
thftt  paanes  through  the  heavenly  body  ci&ta  the 
horizon. 

Azfmnth  €irclo»— (See  Circle,  Asimuth,) 

.\2i1uutt1   €ompaa0.-*(See  C&mpan,  Asi- 

mutk.) 

Azimuth,  Magnetic The  arc  inter- 
cepted on  the  horizon  between  the  magnetic 
meridian  and  a  great  circle  passing  through 
the  obsened  body. 


I, — A  contraction   used  in  mathematical 

writings  for  the  inti^mal  naagnctization,  or  the 

[magnetic  induction,  or  the  number  of  bnes  of 

'  iamce  per  square  centimetre  in  the  magnetized 

maienal. 

I  for  uitemal  magnetixation  1% 


in  most  mathematical  treatises,  printed  in  bold- 
faced type. 

B,  A.  Ohm.— (Sec  Ohm,  3.  v4.) 

E.  A-  IT- — A  contraction  sometimes  em- 
ployed for  the  British  Association  unit  or  ohm. 
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II,  W*  ti.— A  contraction  for  Birminghain 
wire  gauge.  (Sec  Gauge,  Birmingham 
Wirt.) 

A  contraction  sometimes  used  for  iht^  new 
British  wire  gauge. 

BiM'k  Elfetrometlvi^  Force.— (See  Force, 
Electromotive,  Back^) 

Biirk-Stroke  of  \A^\\U\\\it,^{^^ti  Light- 
ning, Back-Stroke  of,) 

Haln\H  Clifiulcal  Keeortlen— (See  Re- 
carder^  Chemical t  Baift's.) 

Bain's  Priotlnsr  Holutlon,— (See 5<?/w/iVjw, 

Bain's  Printing,) 

BalaiJct'  Arms.— (See  Arms,  Bridge  or 
Balance.) 

Balance,  Bi-Hlar   Suspension An 

instrument  similar  in  construction  to  Cou- 
lomb*s  torsion  balance,  but  In  which  the 
needle  is  hung  by  two  separate  fibres  instead 
of  by  a  single  one,  (See  Balance,  Coulomt*s 
Torsion.     Suspension,  Bi-filar.) 

Balance,  Centi-Ani  pere An  am- 
meter in  the  form  of  a  balance,  whose  scale  is 
graduated  to  give  direct  readings  in  centi- 
amp^res. 

Arapdrc  balances  giving  readings  in  various 
iecimaU  or  tiuiltiples  of  amperes  have  been  dt- 
vised  by  Sir  William  Thomson,  The  strength  of 
current  passing  is  determined  by  the  actioo  on  a 
movable  ring  or  coil,  placed  between  two  fixed 
rings  or  coils. 

The  movable  ring  is  in  a  horizontal  plane 
nearly  midway  between  the  two  fixed  rings. 
The  fiJted  rings  are  traversed  by  the  current 
in  opposite  directions,  so  that  one  attracts 
and  the  other  repels  the  movable  ring.  Tne 
movable  ring  Is  attached  to  one  end  of  a  horizon* 
tal  balance  arm,  and  a  similar  movable  ring,  also 
provided  with  attracting  and  repelling  fixed  rings, 
is  attached  to  the  opposite  crnd  of  the  balance  arm. 
In  order  to  avoid  disturbance  of  horizontal  com- 
ponCDts  of  terrci trial,  or  of  local  magnetic  force, 
the  current  is  sent  in  the  same  direction  through 
the  two  movable  rings.  The  balancing  is  effected 
by  means  of  a  weighty  sliding  on  a  nearly  hoH* 
zontal  arm  attached  to  the  balance.  A  counter^ 
poise  weight  is  used  in  connection  with  the  sliding 
weight. 


A  standard  Thomson    cenli-ampire    balance 
is  shown  in  Fig.  33.     In  measuring  a  current ^ 


^e*  S3*      Ctmii'Amplrt  BaUnc§. 

the  weight  i§  moved  along  the  scale  unlll  the 
balance  comes  to  icst. 

H)ilaiic4^,  Couitiosite — A   balance 

form  of  ammeter  devised  by  Sir  William  Thom- 
son, which  can  be  used  for  an  ampere-meter,  a 
watt-meter,  or  a  volt-meler,  according  lo  the 
manner  in  which  its  sets  of  fine  and  coarse 
wire  coils  arc  connected.  (See  Balance, 
Cent  i- A  mptre.  \ 

Utiliint'(%  Coulomb'H  Torsion An 

apparatus  to  measure  the  force  of  electric  or 
magnetic  repulsion  between  two  similarly 
charged  bodies,  or  between  two  similar  mag- 
net poles,  by  opptising  to  such  force  the  tor- 
sion of  a  thin  wire. 

The  two  forces  balance  each  other  ;  hence  the 
origin  of  the  name. 


mm. 


Fig.  ^4^    Ctmifimk'M  TffrsifH  Smiamew. 

^i^*   34  represents  a  Couloinb    toi^ion  baU 
ance.  adapted  to  the  measurement  of  the  force 
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o4  electrostatic  repulsion.  A  ddicnte  needle  of 
iMIftCi  having  a  small  gilded  pith  ball  at  one  of 
its  ends*  is  suspended  by  a  tine  metallic  wire,  A 
^9o/'plan*^  B,  is  touched  to  the  electrified  surface 
«ho«e  charge  is  to  be  measured,  and  is  then 
placed  JkS  shown  in  the  figure.  (See  Plane  y  Proof, ) 
There  is  a  momentary  attraction  of  the  needle, 
anu  iJn^r^  a  repulsion,  which  causes  the  needle  to 
be  moved  a  certain  distance  from  the  bait  on  the 
proof-plane.  This  distance  is  measured  in  degrees 
OD  a  graduated  circle  a  a»  marked  on  the  in^tru* 
ment*  The  force  of  the  repulsion  is  calculated  by 
delermining  the  amount  of  torsion  required  to 
moire  the  needle  a  certain  distance  toward  the 
biQ  of  the  electrified  proof-plane. 

This  torsion  ts  obtained  by  the  movement  of  the 
i9rMitm  head  D,  the  amount  of  which  motion  is 
laaisared  on  a  graduated  circle  at  D.  The 
flicmsurement  is  based  on  the  fact  that  the  force  re« 
qmrod  to  twist  a  wire  ts  proportional  to  the  angle 
of  torsion^ 

Ilttlatiee,  Deci<Aiii|idre An  ammeter 

tn  the  form  of  a  balance,  whose  scale  is 
graduated  to  give  direct  readings  in  deci- 
amp^res,     (See  Balance,  Centi^Amp^rel) 

Bal*lic«,  Delm-Ampdre  —An  am- 
meter in  the  form  of  a  balance,  whose  scale  is 
graduated  to  give  direct  readings  in  deka- 
amp^res.     (See  Balance,  Centi-Ampbre,) 

BaUnco,  Elwtrtr  ^ A  term  fre- 
quently used  for  Wheatstone's  electric  bridge. 
(See  Bridge^  Electric^ 

The  electric  bridge  is  sometimes  called  a  Ijalance 
because,  when  in  use  in  measuring  resistances, 
OQC  resistance  or  set  of  resistances  balances  an- 
other resistance  or  set  of  resistances. 

IIaI Alice,  Hekto-Ainpdre —An  am- 
meter in  the  form  of  a  balance,  whose  scale 
ts  graduated  to  give  direct  readings  in  heklo- 
unp^res.     (See  Balana,  Centi- Ampere,) 

Balance  Indlcalon— (Sec  Indicator,  BaU 
ancc] 

Balanre,     ludiictioti.     If  niches' 

An  apparatus  for  the  detection  of  the  presence 
of  a  metallic  or  conducting  substance  by  the 
aid  d  induced  dcclric  currents. 

Httgho'  induction  balance  is  shown  in  Fig,  35. 

A,  B^  C  and  D  are  l>olibit)s,  wound  with  about 
JDO  fat  of  No.  3a  copper  wire.     The  coils  arc 


connected  a^  shown,  A  and  B,  in  the  circuit  of  a 
battery,  and  C  and  D,  in  the  circuit  of  a  telephone. 
The  coils,  A  and  B|  and  C  and  D,  are  placed  at 
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such  a  distance  apart  as  to  prevent  any  mutual 
induction  occurring  between  them.  The  culls 
are  so  joined  that  the  direction  of  the  induction 
of  A,  on  C,  is  opposite  to  that  of  B,  oa  D.  - 

The  coils,  A  and  B,  then  act  as  primaries,  and  C 
and  D,  as  secondaries.  In  I  he  batti^ry  circuit  is  an 
interrupter  I^  which  is  caused  to  continually  make 
and  break  tiie  circuit. 

The  coils  are  so  adjusted  that  the  opposing 
secondary  coils  produce  but  little  noise  10  one 
listening  at  the  telephone.  This  can  readily  be 
done  by  the  adjusting  of  a  single  pair  of  coils* 

If  a  single  com  or  mass  of  metal  be  introduced 
between  either  A  and  C,  or  B  and  D,  or  even 
above  one  of  the  coils,  as  at  d,  the  balance 
will  be  disturbed,  since  some  of  the  induction  is 
now  expended  in  producing  electric  currrnts  in 
the  interposed  mcta!,  and  a  sound  will  therefore 
tje  heard  in  the  telephone  *  But  if  precisely  similar 
metals  are  placed  in  similar  positions,  between  A 
and  C,  and  B  and  D,  no  sound  is  heard  in  the 
telephone,  since  the  inductive  effects  due  to  the 
two  met'ils  are  the  same. 

The  slightest  diflTerence,  however»  either  in 
composition,  size  or  position,  destroys  the  t>alance, 
and  causes  a  sound  to  be  heard  in  the  telephone. 

A  spurious  coin  is  thus  react ily  detected  when 
compared  v/ith  a  genuine  coin. 

A  aomewhzit  similar  instrument  has  been  em^ 
ployed  to  detect  and  locate  a  bullet  or  otheV  for* 
eign  metallic  substance  in  the  human  body. 

In  order  to  determine  the  amount  of  the  dis- 
turbaticei  an  instrument  called  11  sonometer  is 
used  (See  SonanuUr^  I/uglus')^  in  which  a  single 
secondary  coil,  placed  in  the  circuit  of  a  telephone, 
slides  on  a  graduated  bar  between  two  fixed 
primary  coils,  so  wound  as  to  exert  equal  and  op- 
posite inductions  on  the  secondary.  When,  there- 
Core,  the  secondary  is  exactly  in  ihe  middle  of  the 
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gnduated  bar,  and  conseqtiaitfy  etsietlf  midway 
between  the  two  fixed  prirnar>*  coils^  no  sounds  are 
heard  in  the  telephone,  but  when  moved  to  one 
side  or  the  other  the  sounds  are  heard.  Switches 
arc  so  arranged  that  the  telephone  can  be  readily 
switched  from  the  induction  balance  to  the  tele- 
phone, or  via  versa.  When,  therefore,  a  metallic 
di5C  i>  placed  in  one  of  the  coils  of  the  induction 
balance,  and  a  noise  is  heard  in  the  telephone, 
the  coil  of  the  sonometer  is  shifted  so  that  the 
noise  heard  iu  this  telephone  is  judged  by  the 
car  to  Ije  equal,  and  the  comparison  can  then  be 
made  by  mcAQs  of  simple  calculations. 

The  following  table  gives,  in  arbitrary  values, 
the  results  of  various  experiments  as  to  the  sensi- 
tiveness in  this  respect  of  discs  of  different 
metal  St  of  various  sizes  and  shapes  ; 

Silver,  chemicaDy  pure 125 

Gold ......117 

SilvCT,  cofnmcrcial 115 

Aluminium «... 1 12 

Copper. . , , , too 

Zinc 80 

Bronie. 75 

Tin * 74 

Iron,  ordinary 53 

Oemian  sihrer 50 

Iron^  pure 40 

Copper,  alloyed ......     40 

Lead 58 

Antimony » .  35 

Bismuth ♦  10 

Zinc,  alloyed * 6 

Carbon —  .    2 

-^Ftfming,) 

An  inspection  of  this  table  shows  that  the  values 
found  for  different  metals  do  not  correspond  with 
their  electric  conducting  power,  although,  roughly 
speaking,  the  best  conductors  stand  at  the  top  of 
the  tabic,  and  the  worst  at  the  bottom.  The 
eflTects  appear  to  be  dependent  for  their  action  on 
the  phenomena  of  magnetic  screen  injf,  for — 

(l.)  If  slots  arc  cut  in  the  middle  of  the  plate 
iti  disturbing  action  is  either  removed  or  very 
mudi  decreased. 

(2.)  If  a  flat  coil  of  copper  wire  replaces  a  disc 
of  metal  no  eflect  is  produced  on  the  induction 
balance  when  its  ends  are  open,  but  when  closed 
the  coil  acts  just  like  a  disc,  or  continuous  plate 
of  metal. 

(3,)  The  diflfercnce  between  various  metals  in- 
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serted  as  discs  in  the  induction  balance  is  less  at 
high  speeds  of  reversal  than  at  low  speeds,. 

Baliinec,  Kilo-Auipdr©  —An  am- 
meter in  the  fomi  of  a  balance,  whose  scale  is 
graduated  to  give  direct  readings  in  kilo-am- 
peres.    (See  Balance,  C^nii- Ampere.) 

Balance  of  iDduetion  in  CtMc^.-  (See 
Induction,  Balance  of,  in  CahU.j 

BaUiif e,    Flatiug An   automatic 

device  for  disconnecting  the  curnent  from 
the  article  to  be  plated,  as  soon  ;is  a  cettain 
increase  in  weight  has  been  obtained. 

The  objects  to  be  plated  are  suspended  at  otoe 
end  of  a  balance,  and  when  a  certain  increase  in 
weight  has  been  gained,  the  balance  tips  and 
breaks  the  circuit  Edison's  electric  meter  is 
based  on  this  principle. 

Balmier,  Tliormlf,    or   Boloniefer. — An 

apparatus  constructed  on  the  principle  of  the 
differential  galvanometer,  devised  by  Professor 
Langley  for  determining  small  differences  of 
temperature.  (Sec  Culvanomeitr,  Difftren* 
tmL) 

A  coil  composed  of  two  separately  insulated 
wires,  wound  together,  is  suspended  in  a  mag- 
netic held,  and  has  a  current  sent  through  it. 
Under  normal  conditions,  this  current  separates 
into  two  equal  part^,  and  runs  through  tlie  wires 
in  opposite  directions.  It  therefore  produces  no 
sensible  field,  and  suffers  no  deflection  by  the  field 
in  which  it  is  suspended. 

Any  local  application  of  heat  producing  a  dif. 
ference  in  temperature  in  these  coils,  cauf^ing  ft 
difl*OTence  in  resistance,  prevents  this  equality.  A 
field  is  therefore  produced  in  the  suspended  coil, 
which,  though  extremely  small,  is  rendered  meas. 
urable  by  means  of  the  powerful  field  produced 
in  the  coil,  within  which  the  double  coil  is  sus- 
pended. 

Differences  of  temperature  as  small  as  one- 
fourteen  thousandth  of  a  degree  Fahrenheit  arc 
detected  by  the  instrument 

Balance,  Wh  eats  tone's  El  ectrk A 

name  often  given  to  the  electric  bridge  or 
balance.     (See  Bridge,  EUctric) 

Balanced'MetaUie  CImiit.— (Sec  Circuit, 
Balanced- Metallic) 

Balanced  ResistanceA, — (See  Resistances, 
Balanced,') 
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Balata.^— An  insulating  matcridU 
fiaJjita,  who)  prepared  for  use  as  %d  insulaiting 
miteria.1,  is  *^omewhat  liUc  gutta-percha. 

BalK  Elfetric  Time A  ball,  sup- 

1  in  a  prominent  position  on  a  tall  pole, 
I  caused  to  fall  at  the  exact  hour  of  noon, 
or  lit  any  ofthcr  prcdctemiined  time,  for  the 
porpose  of  thus  giving  correct  time  to  an 
entire  neighborhood. 

Tlic  retease  of  the  ball  is  effected  by  the  closing 
of  an  dec  trie  circuit,  diher  automatically,  or 
through  the  agency  of  an  observer. 

BaU*  Fire A  term  sometimes  ap- 

plied  to  globular  lightning.     (See  Lightning, 
I  Giokmlmr.) 

BalJ  Uglitiiini?.— (See  Lighining,  BalL) 

liallhtle  tune,— (Sec  Cun>e,  BaiUsiiiA 

BallintJe  (jah  aD<>iiieter.^(See  Galva- 
m&mgiert  Bailistic) 

BiIUniii,     Elw;tric  — A    balloon,   or 

air  ship,  provide*!  with  electric  power  so  as 
to  be  alile  to  be  steered  or  moved  against  the 
direction  of  the  wind. 

Electric  ballooni  have  been  moved  against  the 
wind  and  steered  with  a  otrtain  amount  of  success, 
by  the  use  oC  electric  motors  driven  by  storaj^e 
faaltmes.  All  iha*  i*  needed  to  make  aerial  oavi- 
gazion  a  contmercial  success  is  the  ability  to  ob- 
tua  great  power  with  a  sm  all  v^-eig  h  t.  Tli  e  stor  age 
btttteiy  does  this  to  a  limited  extent. 

Bearing  in  mind  the  high  cfhcicncy  of  the  elec- 

tflc  iROtor,  it  would  apf>car  that  the  problem  of 

I  f«JCCe9ilul  aerial   navigation  will  be  solved  when 

pdiscovcy  is  made  of  means  for  directly  con- 

I  verting  the  chemical  potential  energy  ol  coal  into 

[electrical  energy. 

fWliMin    Hinniallniir    for    JUlitar)     Prtr- 

•»i»«4- — (See  Signaiing,  Baliocn,  for  MiU 
itary  Purposes,) 

Balls  PitJi Two  balls  of  pith,  sus- 

dc*l   by  conducting  threads  of  cotton  to 
dated  conductors,  employed  to  show  the 
[  electrilicatton  of  the  same  by  their  mutual 
[repulsion* 

The  ptth  bolls  connected  with  the  insulated 
cytlnder  A  B,  Fig.  56,  not  only  show  the  dcctiK 
Ikilioil  ol  the  cylinder,  but  serve  also  to  roughly 


indicafce   lite  peculiarities  qI  distribution  of  tlie 
charge  thereon. 

A  €\         B 


Baniiis        Atifx^ml Approximatdy 

[>arallel  streaks  of  light  sometimes  seen 
during  the  pre\'alence  of  the  aurora.  (Sec 
Aurora  Boreaits) 

Bank  of  Lamp!*.— (See  Lamps,  Bant  a/J) 

Banko^d  Battery.— (See  Battery,  Banked,) 

Bar,  Ilet<»rsioii —A  bar  placed  in  a 

magnetic  instrument  called  a  declinometer  for 
the  purpose  of  removing  the  torsion  of  the 
suspending  thread  of  the  magnet. 

The  delorsion  ^ar  of  the  declinometer  is  gen- 
erally made  of  gun  metal  of  the  same  weight  as 
tliat  cf  the  suspended  magnet.  A  small  magnet 
is  placed  in  a  rectangular  aperture  in  the  middle 
of  the  bar. 

U{ir  FJ  i-et  ro-  M  ai:  u  e  f .—  (See  Magn^, 
Electro,  Bar,) 

Bjirad. — A  unit  of  pressure  projiosed  by 
the  British  Association. 

One  barad  equals  one  dyne  per  square  ccni^- 
mctre, 

Bnrc>moU*r. — An  apparatus  for  measuring 
the  pressure  or  weight  of  the  atmosphere. 

Barometric  Column.— (See  Column,  Banh 
metric,} 

Bars,    Bus —Omnibus     bars.     (Sec 

Bars,  Omnilms.) 

Bant,    MrtzJk's Cores    ol    %'aricHis 

shapes,  provided  for  solenoids,  rn  which  the 
distribution  of  the  metal  in  the  bar  is  so  pro- 
portioned as  to  insure  as  neariy  as  po^ible  a 
uniform  attraction  or  pull  while  in  <iificrcnt 
positions  in  the  solenoid. 
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Krizik^s  bars  of  various  shapes  are  shown  in 
Big.  37.     It  will  be  observed  that  in  all  cases  Ihe 


msLSS  ol  metal  is  greater  towjurd  the  middle  of 
the  core  than  near  the  ends. 

When  a  core  of  uniform  diameter  is  drawn  into 
a  solenoid,  the  attraction  or  pull  is  not  uniform  in 
strength  for  different  positions  of  the  bar.  When 
the  bar  is  just  entering  the  solenoid,  the  pull  is 
strongest ;  as  soon  as  the  end  passes  the  middle  of 
the  core  the  attraction  decrease*^,  until,  when  llie 
centres  of  the  bar  and  core  coincide,  ihe  motion 
ceases,  since  both  ends  ot  the  solenoid  attract 
equally  in  opposite  direcliotvs.  By  proportioning 
the  bars^  as  ^hown  in  the  figure,  a  fairly  uniform 
pull  for  a  considerable  length  may  be  obtained. 

Bars,     Negratlve-Oiiinibiis*    —The 

bus-bars  that  are  connected  with  the  negative 
terminal  of  the  dynamos.  (See  Bars,  Omni- 
bus,) 

Bai^  Newtrttl-Omnlbiis The  bus- 
bars that  are  connected  with  the  neutral 
djTiamo  tennmal  In  a  three- wire  system  of 
distribution. 

Bjirn,  Oiiinihiis Heavy  bars  of  con- 
ducting material  connected  directly  to  the 
poles  of  dynamo-electric  machines,  in  electric 
incandescent  light  or  electric  railway  installa- 
tions, and  therefore  receiving  the  enlire  current 
produced  by  the  machine. 

Main  conductors  common  to  two  or  more 
dynamos  in  an  electrical  generating  plant. 

The  terms  bus  and  omnibus  bars  retcr  to  tlic 
fact  that  the  entire  or  whole  current  is  carried  by 
them. 

Bars,  Fositi?e-0]unilM](4  — -The  bus- 
bars that  are  connected  with  the  positive 
terminal  of  the  dynamos. 

Biith,  Bi-jMilar An  electro-thera- 
peutic bath,  the  current  appbed  to  which 
enters  at  one  part  of  the  tub,  and  leaves  aft 
I  another  part. 
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The  electrodes  for  the  bi-polar  bath  consbt  of 
suitably  shaped  copper  plates,  generally  called 
ihoV€(  electrodes, 

Bath,  Copper An  electrolytic  bath 

containing  a  readily  clectrolyzable  solution 
of  a  copper  salt,  and  a  copper  plate  acting  as 
the  anode,  and  placed  in  the  liquid  near  the 
object  to  be  electro-plated,  which  fonns  the 
kathode.     (See  Plating,  Electro,) 

The  sulphate,  the  cyanide  and  the  acetate  of  cop- 
per  are  used  for  copper  baths,  The  use  of  the  sul^ 
phatc  is  objectionable.  The  cyanide  is  expensive. 
The  acetate  is  therefore  very  generally  employed* 
Wahl  give?  the  following  formula  for  a  copper 
bath,  viz.: 

Water 1,000  parts* 

Acetate  of  copper^  crystal- 
lized          20    * ' 

Cajrbonate  of  soda ao    ** 

Bisulphite  of  soda . . . » . 20    " 

Cyanide  of  potassium  (pure)        20    ** 

Bath,  Elet'tro-Platinjer — Tanks  con- 
taining metallic  solutions  in  which  articles 
are  placed  so  as  to  be  electro-plated,  (See 
Plating,  Electro,) 

Strictly  speaking  a  plating  batb  includes  not 
only  the  vessel  and  its  metaliic  solution,  but  also 
the  metallic  plate  acting  as  the  anode  and  the 
article  to  he  plated  fonning  the  kathode. 

Batli^  Elect  ro-Therapeii<ic — A  bath 

furnished  with  suitable  electrodes  and  used 
in  the  application  of  electricity  to  curative 
purposes, 

Such  baths  should  be  used  only  under  the  advice 
of  a  ret^ular  physician, 

Batli,    (fold  — An   electrolytic    bath 

containing  a  readily  electrolyiable  solution  of 
a  gold  salt  and  a  gold  plate  acting  as  the 
anodCp  and  placed  in  the  liquid  opposite  the 
object  to  be  plated,  which  forms  the  kathode 
(See  Plating,  EUetro,) 

Electro  gilding  may  be  accomplished  cither  with 
or  without  the  aid  of  heat*  Hot  gilding  appears 
to  give  a  smoother  and  cleaner  deposit. 

The  following  is  a  Mrly  good  solution  for  a 
gold  bath: 

Water , . ,  l»ooo  parts, 

Cyanideof  potassium  I  pure..       30     ** 
Gold  10     " 
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The  gold  is  first  converted  into  neutral  chloride 
bif  disaolTing  it  in  25  parts  of  pure  hydrocbbric 
Add  to  which  12.5  parts  of  puie  nitric  acid  has 
beesi  idded.  When  the  gold  is  completely  dis- 
solved, the  liquid  is  healed  until  of  a  dark  red 
color,  in  order  to  expel  any  excess  of  acid. 

BBth,    Head,    Electric A    variety 

of  electric  breeze,  applied  therapeutically  to 
the  head  of  the  patient. 

The  patient  is  placed  on  an  insulating  stool  and 
conoected  with  one  pole  of  an  electrostatic  induc- 
tion machine^  the  other  pole  of  which  is  con- 
nected to  a  circle  of  insulated  points  suspended 
OTcr  the  head. 


Batli^  HydrchElectrie 


-A    bath    in 


which  electro- therapeutic  treatment  is  given 
by  applpng  one  electrode  to  the  metallic  lining 
of  the  tubpUid  the  other  electrode  to  the  body 
of  the  bather* 

Batli,      Maltlpolflr-Electrlc An 

electro- therapeutic  bath,  in  which  more  than 

ifo  electrodes  are  employed. 

^  It  IS  not  clear  that  the  multipolar-clectric  bath 
5  any  decided  advantages  over  the  bu polar 

•th. 

fUth,  Niekel —An  electrolytic  bath 

containing  a  readily  electrolyzable  salt  of 
fiickel,  a  plate  of  nickel  acting  as  the  anode 
of  a  battery  and  placed  in  the  liquid  near  the 
object  to  be  coated,  which  forms  the  kathode. 
(See  Plating,  Electro.) 

The  double  sulphate  of  nickel  and  ammoniutn 
(from  5  to  8  parts  dissolved  in  100  parts  of  water) 
is  used  for  the  bath.  Some  prefer  to  add 
salpfaAte  of  ammonium  and  citric  acid  to  the  nhove 
9oJatJofi« 

Batlu  Shower,  Electric ^A  shower 

bath  in  which  the  falling  drops  carry  electric 
chajgts  to  the  patient  subjected  thereto. 

The  water  is  rendered  slightly  alkaline.  One 
\  is  immersed  in  the  alkaline  water  and  the 

ber  connected  to  a  metallic  stool  on  which  the 
pAticnt  is  placed. 

Bfttb,  surer An   electrolytic  bath 

oooUuxiing  a  readily  electrolyzable  salt  of 
t3v«T  and  a  plate  of  silver  acting  as  the 
mode  of  an  electric  source  and  placed  tn  the 
Uqaid  near  the  object  to  be  coated,  which 
,  the  kathode.     ^See  ^lating.  Electro,) 


The  double  cyanide  of  silver  and  potassium 
is  the  salt  usually  employed  in  the  silver  bath. 

The  following  bath  is  recommended  by  Rose- 
Icur: 

Water  , tjOOO  parts. 

Cyanide  of  potassium  (pure)        50     ^* 

Pure  silver 25     ** 

The  silver  (granulated)  is  treated  with  pure  nitric 
acid  (43  degrees  Beaum6)  and  converted  into 
nitrate  of  silver.  The  solution  ls  then  heated  to 
dryness  and  subsequently  fused.  The  fused  nitrate 
so  obtained  is  dissolved  in  fifteen  times  its  weight 
of  distilled  water  and  treated  with  a  solution  of 
cyanide  of  potassium  ( 10  per  cent,  of  the  cyanide), 
by  means  of  which  silver  cyanide  is  thrown  down 
as  a  precipitate.  This  precipitate  is  then  sepa- 
rated and  washed.  It  is  added  to  the  tjOoo  parts 
of  water,  dissolved^  and  the  cyanide  of  potassium 
afterward  addedj  thus  forming  the  double  cyan- 
ide required  for  the  bath* 

Bath,  Stripping: A  bath  for  remov- 
ing an  electro-plating  of  gold,  silver,  or  other 
metal,  either  by  simple  dipping  or  by  electric 
action. 

Bath,  llng^ilding: ^A  stripping  bath 

suitable  for  the  removal  of  a  coating  of  gold. 
(Sec  Bat/t,  Strippiptg,) 

Bath,  Fnipolnr-Electrle^ An  electro- 
therapeutic  bath,  the  water  of  which  forms 
one  of  the  electrodes  of  the  source,  and  the 
other  electrode  is  attached  to  a  metallic  rod 
fixed  at  a  convenient  height  above  the  tub. 

The  bath  tub  is  formed  of  non-conducting  sub- 
stances. The  terminals  of  the  electrode  con* 
nected  with  the  water  terminate  in  metal  plates 
located  at  suitable  points  in  the  tub.  The  cur- 
rent is  applied  by  the  patient  making  and  breaks 
ing  contact  at  the  vertical  metal  rod  with  his 
hands. 

The  unipolar-electric  bath  v^  employed  instead 
of  local  galvanization  where  it  is  desired  to  limit 
the  application  to  especial  organs  or  particular 
parts  of  the  body.  In  general  galvanization  the 
patient  is  placed  on  an  electrode  of  large  sur- 
face, formed  of  a  large  sponge- covered  metallic 
plate,  on  which  he  sits  or  rests.  This  electrode  is 
connected  with  the  kathode  of  the  battery.  The 
anode  is  connected  with  a  large  sponge  electrode, 
which  is  moved  regularly  over  the  body  of  the 
patient;  sometimes  the  moistened  hand  of  the 
operator  is  used  in  place  of  the  sponge  electrode. 
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BaUi,  Ungjlveriog  < 


-A  stripping  bath 


suitable  for  the  removal  of  a  coating  of  silver. 
(See  Bath,  Stripping.) 

Batliomc'ter. — An  instrument  inventctl  by 
Siemens  for  obtaining  deep-sea  soundings 
without  the  use  of  a  sounding  line. 

The  bathometer  depends  for  its  operation  on 
the  varied  attraction  of  the  earth  for  a  suspended 
weight  in  parts  of  the  ocean  diffmng  in  depth. 
As  the  vessel  passes  over  deep  portions  of  the 
ocean,  tlic  solid  land  of  the  bottom,  being  further 
^om  the  ship,  exerts  a  smaller  attraction  tban  it 
*  would  in  shallow  parts,  where  it  is  nciircr;  for. 
although  in  the  deep  parts  of  the  ocean  the  water 
lies  between  tlie  ship  and  the  bottom,  the  smaller 
density  of  the  water  as  compared  with  the  land 
causes  it  to  exert  a  smaller  attraction  than  in  tlie 
shallower  parts,  where  the  bottom  is  nearer  the 
ship.  The  varying  attraction  of  the  earth  is 
caused  to  act  on  a  mercury  column,  the  reading 
of  which  is  cflcctcd  by  means  of  an  electric  con. 
t»ct. 

Batter^',  Banked  — A  term  some- 
times applied  to  a  battery  from  which  a  num- 
ber of  separate  circuits  are  supplied  with  cur- 
rents. 

The  term  banked*  battery  is  sometimes  ap- 
plied to  a  multiple-arc  connected  battery. 

Battery,  Cautery A  term  some- 
limes  employed  in  electro-therapeutics,  for  a 
nnultiple  connected  voltaic  battery  adapted  for 
producing  electric  incandescence  for  cautery 
effects. 

Battery,  Closed-Circuit  —  —A  voltaic 
battery  whidi  may  be  kept  constantly  on 
dosed-circuit  without  serious  polarization. 

The  gravity  battery  is  a  closed  circuit  battery. 
As  employed  for  Ui»e  on  most  telegraph  lin^,  it  ts 
Quintaincd  on  a  closed  circuit  When  an  operator 
wishes  to  use  the  line  he  opens  his  switch,  thus 
breaking  the  circuit  and  calling  his  correspondent. 
Such  batteries  should  not  polarize.  (Sec  Cr//, 
Vfiiiau^  Paiartiatwn  ef.) 

Battery,  Connection  of^  for  Qimntity 

— A  tenn,  now  generally  in  disuse,  formerly 
cnriploycd  to  indicate  the  grouping  of  voltaic 
cells,  now  known  as  parallel  or  multiple. 

The  arrangement  or  coupling  of  a  number  of 
voltaic  cells  in  multiple  reduces  the  internal  resist  - 


ance  of  the  battery,  and  thus  permiti  a  greater 
current,  or  quantity,  of  electricity  to  pass ;  hcice 
the  origin  of  the  term.  ^ 

Bfttterj,  Bynama The  combiaa- 

tion  or  coupling  together  of  several  sepaiate 
dynamo-electric  machines  so  as  to  act  as  a 
single  electric  source. 

The  dynamos  may  be  connected  to  ihc  kad^ 
either  in  series,  in  multiple,  in  multiple-seriet  or 
in  series- multiple. 

Batfery,  Hyiianio,  EltH'trie  Machine 

— A   dynamo   batter>%      (See  Battery^   Dy^ 

/tamo.) 

Ballery,  Eleelrie  — A  general  term 

applied  to  the  combination,  as  a  single  source, 
of  a  number  of  separate  electric  sources. 

The  separate  sources  may  be  coupled  eitlitf  in 
s^riei^  in  muiUplc^  in  muitipU'Scria^  or  in  striu- 
multipte,     {  Sec  Circuitx^  Varieties  cf. ) 

The  term  tattery  is  sometimes  incorrectly  ap* 
plied  to  a  single  voltaic  couple  or  cell. 

Battery,  Floating,  Be  la  Blve's  ~ A 

floating  voltaic  cell,  th^  terminals  of  which  arc 
connected  with  a  coil  of  insulated  wire,  em- 
ployed to  show  the  attractions  and  repul- 
sions between  magnets  and  movable  eleclnc 
circuits. 
The  cell,  shown  in  Fig,  3S,  consists  of  a  vol-  i 


^>ir.  3S.    Floating  CfU, 
taic  couple  of  zinc  and  copper,  the  termiuala  1 
which  are  connected  to  the  circular  coil  of  InsU'  ^ 
lated  wire,  as  shown,  and  the  whole  floated  .by 
means  of  a  cork,  in  a  vessel  containing  dilute  sul- 
phuric acid. 

When  the  current  flows  through  the  ooil  in  the 
direction  shown  by  the  arrowi,  the  appni*di  of 
the  N- seeking  pole  of  a  magnet  will  cause  the 
cell  to  be  attracted  or  to  move  towards  the  ma^  • 
net  pole,  since  the  south  face  or  end  of  the  cod  is 
nearer  the  north  p&te  of  the  magnet.    If  the  other 
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rr»d  were  ncmrcr,  rcpiiHm*  wmiM  occur,  the  cell 
^fuming  round  until  the  south  face  is  nearer  ihc 
net,  when  attraction  occurs. 
This  is^  strictly  speaking,  a  floating  cell,  ahd 
not  a  battery,     ^e  B94Ur)\  Voltaic) 

Batterj,  GalfmMCe  — ^  — Two  or  more 
separate  voHak  cdls  so  airai^ed  as  to  fonn 
&  M^  source. 


Batierj,  Le  jden  Jar- 


-Tbe  combina^ 


This  is  more  correctly  called  a  V&ttaic  Battery* 
\  a  at t try  ^  V^taic.) 

BAlt^rr,  <5iis A  battery  in  which 

K^  voltaic  elements  are  gases  as  distinguished 
solids, 

Tlic  electrodes  of  a  gas  battery  generally  con- 

*C  of  plates  of  platlDum,  or  other  solid  substance 

kbidi  possesses  the  power  of  occluding  oxygen 

I  hydrogen.     The  lower  parts  of  these  plates 

itelodilutestilphnricacid,  and  the  upper  parts 

lively  surrounded  by  oxygen  and  hydro* 

gea  gis  derived  from  the  electrolytic  dccompo- 

■liaa  ol  the  dilute  acid. 

A  £ps  battery  consisting  of  plates  of  platinum 

ping  bdow  into  acid  liquid,  and  surrounded 

sjjace  above  the  liquid  by  hydrogen  and 

!I,  II'  and  O,  O',  etc,  respectively  is 

t  ifi  Fig-  39* 


I  charging  this  battery  an  electric  current  is 

tiirougli  it  until  a  certain   quantity  of  the 

I  lias  been  produced,     Ifn,  thcrit  the  charging 

be  discontinued,  a  current  in  the  oppo- 

%ibe  dilVCtkm  fs  produced  by  the  battery.     The 

is  in  reab'ty  a  variery  of  ttf^mge  ^it- 

(See  FMftrUity^  Sifir^ge  ef,     CtU,  Sit^. 

(f  AS  battfrics  can  also  be  made  by  feeding  con- 
Auaily  iato  the  cell  a  gas  capable  of  acting  on 
t^  poiitite  dcneats. 

BalU^ry  6aii|r«.--(5ce  Cgu^u  Battery:) 


tion  of  a  number  of  separate  Leyden  jars  so 
as  to  act  as  one  single  jar. 

A   Leydcn  jar  battery  is  shown  in  Fig.  40^ 


F^,  40,    tiydem  Jkr  Battery ^ 

vrhcre  nine  separate  Ley  den  jars  are  connected 
as  a  single  jar  by  joining  their  outer  coatings  by 
placing  them  in  the  box  P.  the  bottom  of  which 
is  lined  with  tin  foil.  The  inner  coatings  are 
connected  together  by  the  metal  rods  B,  as 
shown. 

A  discharging  rod  A,  may  lie  employed  for 
connecting  the  opposite  coatings.  The  handles 
are  matie  of  glass  or  any  other  good  iJisulating 
material, 

A  number  of  Leyden  jars  can  be  coupled  in 
series  by  connecting  the  inner  coating  of  the  first 
jar  to  the  outer  coating  of  the  second,  the  inner 
coating  of  the  second  to  the  outer  coating  of  the 
thirds  and  so  on.  The  battery  so  obtamed  is 
then  discharged  by  connecting  the  outer  coat* 
ing  of  the  first  jar  with  the  inner  coating  of  tine 
last. 

Battery,   Local A  voltaic   battery 

yst^d  at  a  station  on  a  telegraph  line  to 
cperale  the  Morse  sounder,  or  the  register- 
ing or  recording  apparatus,  at  that  point 
only*  (See  T^Ugraphy^  Amtrican  or  M&r&e 
Systtm  of,) 

The  local  battery  is  thrown  into  or  out  oif  action 
by  the  tclegrapldc  r^/a/,     (See  Jit/ay,) 

Battery,  Majrii«*tJc ^Tbe  combina- 
tion, as  a  single  magnet,  of  a  number  of  scp* 
arate  magnets, 

A  magnetic  battery,  or  compound  magnet,  Iff 


fiat] 


46 


[Bat. 


shown  in  Fig.  41,  It  consists  of  straight  bars  of 
steel,  p,  p,  p,  with  their  similar  poles  placed  near 
together  and  inscrtwi  in 
masses  of  soft  iron,  N  and  *i*""^^  K  1<1 
S,  as  shown, 

Bfttterjr,  Halit 

The  battery,  in  a  system 
of  telegraphic  communi- 
cation, that  is  emplovLd 
for  sending  the  signals 
over  the  main  line,  as  dis- 
tingiiished  from  any  bat- 
tery employed  for  any 
other  particular  work, 
such,  for  example,  as  that 
of  the  local  balierj^  (See 
Battery^  Local) 

Battery,  HuUiple-€oii* 
nectod A 


The  plunge  battery  shown  in  Fig,  42,  consists 


.li 
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Fig*    4T.      M^^ftic 
Ba-tttry.  9r  C^m* 

batter)'  the  single  cells  of 
which  arc  connected  to  one  another  and  to  the 
mains  or  conductors  in  multiple.  (See  Cir- 
cuit,  MultipU:) 

Battery*    Opeii-Clreult A   voltaic 

battery  which  is  normally  on  open-circuit, 
and  which  is  used  continuously  only  for  com- 
paratively small  durations  of  time  on  closed- 
circuit. 

Leclanch£-cells  form  an  excellent  open-circtiited 
tiattcry.  They  have  a  comparatively  high  electro- 
motive force,  but  rapidly  pohirize.  They  cannot 
therefore  be  economically  used  for  furnishing 
currents  continuously  for  long  durations  of  time. 
When  left  on  open  circuit,  however,  tlicy  readily 
depolarize.  They  therefore  form  an  excellent 
battery  for  such  work  as  annunciator  belts,  burg- 
lar alarms,  etc.,  where  the  current  is  only 
re<]uircd  for  short  periods  of  time,  separated  by 
comparatively  Jong  intervals  of  rest,  (Sec  Cr//, 
Voltaic^  LtelanchiJ) 

Battery  Plates  ©f  Secondary  or  Storage 

Cell,    Fonnlny    of .—(See   Plates    of 

Secondary  or  Storage  Cell^  Forming  of) 

Battory,    Plimge A    number    of 

separate  voltaic  cells  connected  so  as  to  fonn 
a  single  cell  or  electric  source,  the  plates  of 
which  are  so  supported  on  a  horizon  I  al  bar 
as  to  be  capable  of  being  simultaneously 
placed  in.  or  removed  from,  the  exciting 
liQuid. 


mmm 


Fig'.  49*    Huftgf  BaUffy, 

of  a  ttumber  of  rinc-carbon  elements  immersed  in 
an  electrolyte  of  dilute  sulphuric  acid,  or  in  tiW' 
iropifioH  liquid^  contained  in  separate  jars,  J,  J. 
(Sec  Liquid^  EUctropcionJ) 

The  mode  of  support  to  the  horixontal  bar 
will  be  understood  from  an  inspection  of  the 
drawing. 

Battery,  Primary The  combina- 
tion of  a  number  of  separate  primaf)*  cells  so 
as  to  form  a  single  source. 

The  term  primary  haNrry  ts  used  in  order  ft* 
distinguish  it  from  secondary  or  storage  batteryT 
(Sec  Ceity  Se£cnJary^     dll^  St&r*tge,) 

Battery,  Secondary —The  combina- 
tion of  a  number  of  separate  secondary  or 
storage  cells,  so  as  to  form  a  single  electric 
source,     (See  Electricity^  Storage  of.) 

Battery,  Seleninni The  combina- 
tion nf  a  number  of  separate  selenium  cells  sn 
as  lo  form  an  electric  source.  (See  Cell, 
Selenium,) 

Battery,  Sories-€<iniiected  — A  bat- 
tery, the  separate  cells  of  which  arc  con- 
nected to  one  another  and  to  the  line  or 
conductor  in  series.     (See  Circuit,  Series,) 

Battery  Sol  11 1 ion,— (See  Solution,  Bat- 
tery.) 

Battery,  Spilt  ^ A    voltaic    battery 

connected  in  series,  bat  having  one  of  its 
middle  plates  connected  with  the  ground. 

By  the  employment  of  the  device  of  a  sptil- 
battcry,  the  poles  of  the  battery  are  maintained 
at  potentials  diffenng  in  opposite  directiotis  from 
the  potential  of  the  earth. 

Battery,   Stom^ A    number    of 

separate  storage  cells  connected  so  as  to 
form  a  single  electric  source. 


A.  cell  or  a.  storage  battery  is  shown  In  Fig. 
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Fi^,  4 J,     Straff  Battiry, 


I         Batter},  Storage,  Element  «>r A 

single  set  of  positive  and  negative  plates  of  a 

Nelor^^c  cell  connected  so  as  to  be  ready  for 
Jlbcing  in  the  acid  liquid  of  the  jar  or  cell 
A  term  somclimes  applied  to  one  of  the 
j       itorage  cells  in  a  storage  battery. 
I  This  latter  use  of  the  term  element  is  unfortu- 

^^^l^tc,  since  from  the  analogous  case  of  a  primary 
^^HttU  SA  clcmcnr  would  consist  of  a  single  plate, 
^^%f her  positive  or  negative,  and  not  of  both.  Thit 
i  is»  every  voltaic  coaple  consists  of  two  elements, 
the  poiftitive  and  the  negative. 

^_^  Batterj-,    Therma —A  term    often 

^^kplied  to   a  thermo-electric  baltciy.     (See 
^Hm/Z^t^,  Thermo- Electric) 

^F   lUtterj,     Thermo-Electrio —The 

combination,  as  a  single  thermo-electric  cell, 

\  a  number  of  separate  tliermo-electric  cells 

couples.     (See  Couple^  Tkermo-Ekciric) 

ery,    Toltalc The     combina- 

,  as  a  single  source,  of  a  number  of  sepa- 
te  voltaic  cells. 

Battery,  Water A  battery  formed 

'  zinc  and  copper  couples  immersed  in  an 
trolylc  of  ordinary  water, 

ny  voltaic  couple  can  be  used,  the  positive 

at  of  which  it  slightly  acted  on  by  water. 

nutnerous  couples  are  employed  consider- 

fiTerencc  of  potential  can  be  obtained. 

Water  batteries    are    employed  for  charging 

de^fometers.    They  are  not  capable  of  giving 

any  considerable  current,  owing  to  their  great  in. 

tenial  rcsisCaoce. 


Bead  Areometer  or  Ifydr©meter.— (See 

ArcoftuUr^  Bt-aiL) 

Bee-Carceh^The  Carceb  or  French  unit 
of  light,     (See  Cared,) 

Bell,  Automat ic-Eloctrlc —An  elec- 
tric bell  furnished  with  an  automatic  contact- 
breaker.   (See  Contact- Breaker,  Automatic) 

A  form  of  automatic-electric  bcU  is  shrjwn  in 
Fig.  44.  The  relation  of  the  clcttro-maguet,  its 
armature  and  the  bell 
lever,  will  be  readily 
understood  from  an  in. 
spection  of  the  draw- 
ing. 

Bell,  Call 

An  electric  bell  used 
to  call  the  attention 
of  an  operator  to  the 
fact  that  his  corre- 
spondent wishes  to 
communicate  with 
him. 

Bell,  Circular 

— A  bell  so  construct- 
ed that  all  its  moving 
parts  are  contained  in  /r,^,  ^^.    Amt^^mnJic  EUetrk 
the  gong.  /'V^V, 

Bell,  ContlnnoiiB-Sonttdiiig  Electric 

— An  electric  bell,  which,  on  the  completion, 
of  the  circuit,  continues  striking  until  stopped 
either  by  hand  or  automatically. 

On  the  completion  of  the  circuit,  the  attraction 
of  an  armature  throws  a  catch  oflf  from  a  lever, 
and  thus  permits  the  lever  to  fall  and  complete  a 
contact  and  allows  the  current  to  ring  the  bell;  or 
the  bell  is  rung  by  clock  work »  which  is  throw  n 
into  action  by  the  passage  of  a  current  through  an 
electro- magnet.    (See  Belt^  Electro-M^chanUai .\ 

Bell,    BIlTereutial     Eleetdc  -— ^  —An 

electric  bell,  the  ma^ctizing  coils  of  which 
are  dilTerentially  wound. 

Differential  winding  is  ot  advantage  where  a 
y^Tf  strong  current  is  required,  as  this  winding 
decreases  the  sparking  at  the  contactSi  on  the 
ot:>ening  of  the  circuit. 

Bell,  ElectrthMag'tietle,  Sleiiien»-Aruift< 
tur«   Form  — -A   form  of  electro-mag- 
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netic  bell  in  which  the  movements  of  the  bell 
annature  are  obtained  by  the  reversal  of 
polarity  that  takes  place  when  altemiatiD^  cur* 
rents  are  pass- 
ed through  the 
coils  of  a  sim- 
ple, single  coil, 
Siemens -arm  a- 

^^^'  Fif.  4$^  Skmtm^A^nmtwni  Farm 

The     details         0/ Elittro^yfagnttic  Bftl, 
flrill  he  readily  imderstuod  from  an  cxaminatioti 
of  Fig.  45. 

Bell,  Eleetro-MH'haidcal A  bell. 

the  sinking  apparatus  of  which  is  dnven  by 
a  weight  or  spring,  called  fnto  action  by  the 
movement  of  the  armature  of  an  clectro- 
magneL     (See  Aiarm,  Eieciric) 

Bell,  ExtonaloH'Call  —  —A  device  for 
prolonging  the  sound  of  a  magneto  call. 

An  alarm  bell  13  automatically  connected  with 


^1^    ^f^ 


the  circuit  of  a  local  battery  by  means  of  the  cur* 
rent  generated  by  the  ma^eto-call,  and  continues 
sounding  after  the  current  of  the  magneto  call 
lias  ceased. 
A  form  of  extension -call  bell  is  shown  In  Fig.  46. 

Belly  Itidieiitiug^ An   electric  bell 

in  which,  in  order  to  distinguish  between 
different  bells  in  the  same  office,  a  number 
is  displayed  by  each  bell  when  it  rings. 

Bell,  Magneio-Elecitrlc — ^An  electric 

bell^  the  curre.it  employed  to  operate  or 
strike  which  is  obtained  by  the  motion  of  a 
magneto-electric  machine. 

Bell,  Kf^ltt- ^In  a  telephone  ex- 
change, a  bell,  switched  into  connection  with 
the  shunted  circuit  of  an  annunciator  case,  and 
intended,  by  its  constant  ringing,  to  call  the 
attention  of  the  night  operator  to  the  falling 
47I  a  drop. 


Bell,  Relay,   Electric An  ciccto'c 

beli  m  which  a  relay  magnet  is  employed  10 
switch  a  local  battery  into  the  circuit  of  the 
sounding  apparatus  of  the  belL 

The  relay  bell  is  suitable  for  use  when  the  bell 
to  be  sounded  is  situated  at  a  great  distance.  Aj 
the  current  from  the  line,  when  this  is  long,  is 
too  weak  to  ring  the  bell,  it  throws  into  action  a 
local  battery  by  the  action  of  a  relay. 

Relay  bells  were  used  in  the  early  forms  ol 
acoustic  telegraphs  as  employed  in  England  with 
relay  sounders. 

The  dots  and  dashes  of  the  Morse  alphabet  were 
indicated  by  the  sounds  of  two  bells,  a  tap  on 
one  bell  indicating  a  dot,  and  a  tap  on  the  other 
a  dash.  Thiii  system  u  now  practically  abaui* 
doned. 

Bell-Shaped  ]ttagiii6t.^(See  MagMti.B€il'' 

Shaped) 

Bell^  SShiint^  Electric  *- An    electric 

bell,  the  magnetizing^  coils  of  which  are  placed 
on  the  line  in  shim t. 

In  the  case  of  shunt-connected  electric  bells, 
one  of  the  l)ells  must  itiake  and  break  the  circuit 
for  all  the  rest  The  serres-connected  electric 
bell  is  used  where  the  distance  bet\\  cen  the  sepa- 
rate bells  is  great,  in  order  to  save  the  eicpense  of 
multiple  connections. 

In  mo§t  cases,  where  a  number  of  electric  b^ls 
are  to  be  simultaneously  sounded,  coDnecdoEi  in 
mulLiplc  is  adopted. 

Bell,  Single-Stroke  Electric -—An 

electric  bell  that  gives  a  single  stroke  only  fox 
each  make  ol  the  circuii. 


^« 


Since  tlie  bell  gives  a  single  stroke  for 
couiplction  of  the  circuit,  its  use  permits  otrcadf 
communication  between  any  two  places  by  any 
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tjiiem  of  prearranged  signals.  A  biuzcr  may  be 
used  for  die  same  puqjosc*  A  form  of  suigJc- 
sbroke  bell  is  shown  in  Fig.  47,  On  completing  ihe 
c'rcuit,  the  current,  through  its  coils,  attracts  the 
armature  and  causes  a  single  stroke  of  the  bell 

Bell,  THcpfconc-Call  —A  call  bell 

used  to  call  a  correspondent  to  ihe  telephone. 

The  telephone-call  bell  is  generally  a  magneto* 
doctricbeU.' 

B<*11,   Trenlitiii^ A  name   some- 

limcs  given  to  a  vibrating  or  an  automatic 
make>an( l-h  reak  bcl  I ,  [  See  .Xfake^ifui-Break, 
Auiom^iic.) 

Bell,  Tlbrating: A  trembling  bell. 

(Sec  Bell,  Trembling,) 

Bias  af  Relity  Toniirne. — (See  Tongue, 
Reiay.  Bias  of.) 

BIrhroitiate  VoUnlc  Cell.— (See  Cell,  Vol- 
taic^ Bi€kromait\) 

Bt*flUr  8usp45ii»loii.— (See  Suspenuon, 
Bi-JUar.) 

Bt'llUir  Ai»|M'nsloii  Balance.— (Sec  Bal- 
ancr»  Bi^filar  Suspension ) 

Bf*fiUr  Wlnaitiif.— (Sec  Winding,  Bi^ 
filar.) 

Binary  C'oniponiKL— (Sec  Compound,  Bi^ 
nary) 

Bin^lnf  Colls.— (Sec  Coils,  Binding) 

Binding-Post— (See  Post,  Binding) 

lSindlii|C-S<»rew.— (See  Screw,  Binding) 

Hljtdiji^  Wire  for  Tele^rapli  Lines. — (See 
Wire^  Binding,  for  Telegraph  Lines) 

BkiUf7,  Electro That  branch   of 

dectiic  science  which  treats  of  the  electric 
coTirittions  of  living  animals  and  plants,  and 
the  effects  of  cicclricily  upon  them, 

Electro- Biology  includes: 

( I .)  Electro.PhysioIogy. 

(1.)  Electro-Tbcfapy»  or  Electro-Thcrapeutics. 

Bfofilaaiii.- Any  fonn  of  living  matter  pos* 

ng  the  power  of  reproduction. 
ll«§eopy.  Electric The  determina- 
tion of  the  presence  of  life  or  death    by  the 
passage  of  electricity  through  the  nerv^es  and 
anttdes. 

Bf-tH>tiur, — Having  two  poles. 


Bl-polnr    Ami  at  lire.  —  (See    Armature, 

Bi'Polar) 
Bl-polur  Bath.— (See  Balk,  Bi-p^etr) 
Blriiiiii^ham  Wii^  Gauge.— (See  Gauge^ 

IVift',  Birm ing/ia m .) 
Bi  Telephone.— (See  Telephone,  Bi) 
Bitlte.— A  variety  of  insulating  material. 
Bhiek  Electro-Meliilliir^ieal   DeiwsiL— 

(See  Deposit,  Black  Electro  Metallurgical) 

Blaek  Lead.— A  variety  of  carbon  em- 
ployed in  various  electrical  processes. 

Black  lead  is  also  termed  plmn^agitQt  graphite^ 
(Sec  Flufwhiigo.     GrupkiU,) 

The  term  bUck  leiul  is  a  misnomer,  since  the 
tubstance  is  carbon  and  not  lead.  The  term  is  an 
old  one,  and  is  still  very  generally  used. 

Blasting,    Eleetrie The    electric 

ignition  of  powder  or  other  explosive  material 
in  a  blast*     (See  Fuse,  Electric) 

The  current  required  for  the  ignition  of  the 
fuse  is  generally  obtained  by  means  of  a  magneto - 
electric  machine.  In  the  form  of  magneto-blast- 
ing machine,  shown  in  Fig*  4S,  the  movement 


of  the  handle  shown  at  the  top  of  the  figure 

causes  the  rapid  rotation  of  a  cyli&drM:al  armature 
constructed  on  the  Whcatstoneand  Siemens  prin- 
ciple.    The  magnets  axe  of  iron,  and  are  turauhed 
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with  coils  of  insulated  vrire.  On  the  rotation  of 
the  armature  the  current  developed  therem  in- 
creases the  field  of  the  field  magnet,  and,  when 
of  the  proper  degree  of  in  tensity,  is  thrown  into  the 
outer  drciiit^  and  ignites  the  fuse. 

Bleaching',  Electric Bleaching  pro- 
cesses in  %%'hich  the  bleaching  agents  are 
liberated,  as  required,  by  the  agency  of  electro- 
lytic decomposition. 

In  the  process  of  Naudin  and  Bidet,  the  cur. 
rent  from  a  dynamo.clcctric  machine  is  passed 
through  a  solution  of  common  salt  between  two 
^  "Clasely  approached  electrod  es.  T  h  c  c  hi  o  ri  ne  and 
todium  thus  liberated  react  on  each  other  and 
form  iodi um  hypochloridc,  which  is  drawn  off 
by  means  of  a  pump  and  used  for  bleaching. 
(See  £if£trit/ysii.] 

Block,     Branch A    device     em* 

ployed  in  electric  wiring  for  taking  off  a  branch 
from  a  main  circuit.     (See  Wiring.) 

A  form  of  branch -block,  with  its  fuses  attached, 
is  shown  in  Fig,  49. 


charged    conductor    by    a    convection    dis» 
charge. 
The  candle  flame,  Fig.  50,  is  blown  in  the  di- 

P 


Fig,  49 .   JJramcJk'Bieck, 

Block,    Cross-Orer ^A    device    to 

permit  the  safe  crossing  of  one  wire  over 
another  in  molding  or  cleat  wiring. 

Block,  Fuse A   block  containing 

a  safety  fuse  or  fuses  for  incandescent  light 
circuits,     (Sec  i^iw^,  Safety,) 

Block  System  for  Ruilreads.— (See  RafU 
roads,  Block  System  far,) 

Block  Wire.— (See  Wire,  Block.) 

Bl#w-Pipe.  Electric ^  —A   blow-pipe 

in  which  the  air-blast  is  obtained  by  a  stream 
of  atr  particles  produced  at  the  point  of  a 


Fi£.  ^O*     Cmz'f^-iiffn  Blvw-Pip*^ 

rcction  of  the  stream  of  air  particles  passing  of! 
from  the  point  P,     (See  ConvectwK^  Eleeiric^) 

Blow-PIpe,  ElectrJe-Arc  —A  de- 
vice of  Wcrdemiann  for  cutting  rocks,  or 
other  refractory  substances,  in  which  the  heat 
of  the  voltaic  arc  is  directed,  by  means  of  a 
magnet,  or  a  blast  of  air,  against  the  substance 
to  be  cut* 

The  carlxjns  are  placed  parallel,  so  as  to  readily 
enter  the  ca%')ty  thus  cut  or  fused.  This  invcn« 
tion  has  never  been  introduced  into  extensive 
practice. 

In  the  welding  process  of  Benardos  and 
Olxewski,  the  welding  teinperalurc  is  obtained  by 
mt-ans  of  an  electric  arc  taken  between  Iwo  suit- 
ably shaped  cleclrodes. 

In  t  le  electric-arc 
blow  *  pipe,  shown  in 
Fig.  51,  the  volraicarc, 
taken  between  two  ver- 
tical carbon  electrodes, 
is  dcfitrcted  into  a  hon- 
zontal  position  under  the 
infKience  of  the  inclined 
poles  of  a  powerlui  elec- 
tro-magnet. 

The  highly  heated  car- 
bon vapor  which  consti- 
tute the  voltaic  arc  i&  deflected  by  the  magnet  in 
the  same  direction  as  would  be  any  other  mov- 
able circuit  or  current. 

Board,     Cro»»-CotiDcctfng ^In    a 

system  of  telegraphic  or  telephonic  communi* 
cation,  a  board  to  which  the  line  terminals  are 
run  before  entering  the  switchboard,  so  as  to 


Fig.  J  t .    Ettctric-Arc 
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readily  place  any  subscriber  In  conneclion 
^ith  any  desirifd  section  of  the  switchboard. 

Board,  Fuse — A  board  of  slaie  or 

other  incombustible  material  on  which  all 
the  safety  fuses  in  an  installation  are  as- 
sembled. 

The  fiise  bo«rd  is  used  for  avoiding  accidents 
from  the  firing  of  the  fuses. 

BoArd,  Hftnicer A  form  of  board 

provided  for  the  ready  placing  or  removal  of 
an  arc  lamp  from  a  circuit 


A  bangcr-board  contains  a  switch  or  cut-out  for 
Ifhe  ready  opening  or  closing  of  the  circuit,  A 
I  lorm  of  hanger-board  is  shown  in  Fig.  52. 

Boarfl.  Key ^Any  board  to  which 

i  connected  electric  keys  or  switches. 

inl,  Le^lng-Key -^ A  key  boaid 

[einployed  for  the  purpose  of  legging  an 
[  operator  tntu  a  circuit  connecting  two  or  more 
r  subscribers.    (Sec  Le^,) 

Board.  Multiple  Snitrh —A  board 

to  which  the  numerous  circuits  employed  in 
[systems  of  telegraphy,  telephony,  annunciator 
;  light  and  power  circuits  arc  con* 

Various  devices  axe  employed  for  closing  these 
I  circuits,  or  for  connecting   or  cross -connecting 
I  tbem  with  cue  suiJOther,  or  with  neighboring  cir- 
cuits, 

A  multiple  switchboard,  for  examptc,  for  a  tele- 
phone exchange,  will  enable  the  operator  to  con. 
fiect  any  subscriber  on  the  line  with  any  other 


ing  line  provided  with  a  multiple  switchboard r 
To  this  end  the  following  parts  are  necessary: 

(T,)  Devices  whereby  each  lineentcring  the  ex- 
change can  readily  have  inserted  in  its  circuit  a 
loop  connecting  it  with  another  line.  This  is 
accomplished  by  placing  on  the  switchboard  a 
separate  spring-Ja^k  connection  for  each  sepa* 
rate  line.  This  connection  consists  essentially 
of  one  or  two  springs  made  of  any  conducting 
metal,  which  are  maintained  in 
metallic  contact  when  the  plug 
key  is  not  inserted^  bpt  which  are 
readily  separated  from  one  another 
by  the  introduction  of  the  plug- 
key<t  Fig.  53,  the  terminals,  a  and 
b,  of  which  are  insulated  from 
each  other,  and  are  connected  to 
the  ends  of  a  loop  coming  frum 
aiiother  line.  As  the  key  is  in- 
serted, the  metallic  spring  or 
springs  of  the  spring -jack  are  separated  and  the 
metallic  pieces,  a  and  b,  are  brought  into  good 
sliding  contact  thi^reM'tlh,  thus  mtroducing  the 
loop  into  the  circui t.    (Sc e  Spring-  Jatk^ 

{2.\  As  many  separate  annunciator -drops  as 
there  are  separate  subscribers.  These  are  pro- 
vided so  as  to  notify  the  Central  Office  of  the  par- 
ticiilftr  subscriber  who  desires  a  connection. 
Alarm-bells  to  call  the  operator's  attention  to  the 
calling  subscriber,  or  to  the  falling  of  a  drop,  are 
generally  added,    (Sec  B^tl^  CuIL) 

(3.)  Connecting  cords  and  keys  for  connecting 
the  operator* s  telephone,  and  means  fur  ringing 
subacrlbers'  bells,  and  clearing  out  drops. 


/if.  S4*    MuUi^  Switchboard fffr  Eltetrie  JJgkt, 

In  Muttipte  Switchboards  for  the  Electric  Light 
or  DistribHting  Switches^  spring -jack  contacts  are 


r  on  that  line,  or  on  another  neighbor,      connected  with  the  terminals  of  different  circui tv 


rHad. 


and  plug  switches  with  the  dynamo  terminals. 
Tiy  these  means,  any  dynamo  can  be  connected 
with  any  circuit,  or  a  number  of  circuita  can  be 
connected  with  the  same  dynamo,  or  a  tiuml)er 
uf  separate  dynamos  can  be  placed  in  the  same 
circuit  without  interference  with  the  lights* 

Board,  Switeli —A  board  provided 

with  a  switch  or  switches,  by  means  of  u  hich 
electric  circuits  connected  therewith  may  be 
opened,  closed,  or  interchanged. 

Boards  Switch,  TclegTajihlc A 

device  employed  at  a  telegraph  station  by 
means  of  which  any  one  of  a  number  of  tele- 
graph instruments,  in  use  at  that  stition,  may 
be  placed  in  or  removed  from  any  line  con- 
nected with  the  station,  or  by  means  of  which 
one  wire  may  be  connected  to  another. 

The  ability  to  readily  connect  one  wire  with 
another  h  of  use  in  case  of  mterruption  to  tele- 
graph lines,  in  which  case  athiotigb  circuit  may 
bt  made  tip  of  sections  of 
different  circuits. 

In  the  switchboard  shown 
In  Fig.  55,  the  upper  left* 
hand  binding  post  is  con- 
nected to  earth;  the  four 
rcmaifiin^  binding .  posts 
are  connected  to  two  sepa* 
rate  instruments— the  sec* 
ond  and  third  from  the  top  to  one  instrument. 
Land  the  fourth  and  fifth  to  another  instrument. 
The  four  po^ts  at  the  top  of  the  figure  arc  con- 
nected to  two  Unes  nmiuug  cast  and  west. 

Various  connections  are  made  by  tlie  insertion 
of  plug  keys  in  the  various  openings. 

Boards    8wifeli,    Tmnking   ^A 

switchboard  in  which  a  few  subscribers  only 
are  connected  with  the  operator,  thus  enabling 
him  to  obtain  any  otlicr  subscriber  by  means 
of  trunk  wires  extending  to  the  other  sect  ions. 
(See  JK/W.  Trumk:) 

Boat,  Kleetrio A  boat   provided 

with  electric  motive  power. 

Electric  power  has  been  applied  both  to  ordi- 
nary vessels  and  to  submarine  torpedo  boats, 

BoAt*  SiilNiiarime  Electrie A  boat 

capable  of  being  propelled  and  steered  while 
entirely  under  water. 

The  motive  power  oi  such  boats  is  gencrallir 


electricity.  The  requisite  buoyamcy  Is  obtained 
by  means  of  an  air  chamber.  Artificial  vcntila- 
tioa  la  maintained,  the  fresh  air  rer^ulstte  for 
breathing  being  derived  frooi  a  coniprcsased  air 
cylinder. 

Boat,  Torjiedo —A  boat  used   for 

carr)ing  and   discharging   torpedoes.      (Sec 

Bobbin,  Electrle ^An  insulated  coil 

of  wire  for  an  electro-magnet. 

Body,  Charsred A  bocjy  containing 

an  electric  charge- 
Charges   arc   bound    or   free.     (See   Chorgf, 

Body,  Beetrtiled A    body   con- 
taining an  electric  charge, 
Bodjv    Hmaa,    Rcsktaaee    «f  — -^ 


The  resistance  which  the  human  body  offers  tu 
the  passage  of  an  electric  currcnL 

The  resistance  of  the  human  body  to  the  panage 
of  a  current  varies  with  the  time.  The  re* 
sistance  rapidly  decreases  alter  a  short  time. 

*  *  The  resistance  diminishes  because  of  the  con- 
duction of  water  in  the  epidennia  under  the  action 
of  tlie  constant  current  and  the  congestion  of  the 
cutaneous  blood  vessels  in  consequence  of  the 
stimulation.  ^ '     (  Latidms  and  Siirlintg, ) 

The  resistance  also  varies  markedly  witli  the 
condition  of  the  surface,  tlie  condition  of  the  skin, 
and  with  the  shape,  area,  pusiLion  and  matcrkd 
of  the  electrodes  by  which  the  current  is  led  into 
and  carried  out  of  the  parts*  It  very  seldom  Is 
less  Uian  1,000  ohms  under  the  asost  ^vorahle 
conditions,  and  with  ordinary  contacts  is  laany 
timc^  that  amount* 

The  muscles  oHer  nearly  mne  times  the  resist' 
ance  in  a  direction  transverse  to  the  fibres  than 
Ion  git  udina!  ly  to  the  m .     {fL  -rmafm. ) 

The  resistance  of  the  epidermis  is  greater  than 
that  of  any  other  fissue  of  the  body. 

The  human  body  probably  possesses  a  true 
assymmctrical  resistance;  that  is  to  say,  when 
taken  after  the  current  has  been  passing  for  some 
time,  its  resistance  is  different  in  difici«nt  direc- 
tions. This  variaticm  in  the  apparent  reaistaDce 
is  believed  by  some  to  be  due  to  polarizatiaii 
effects. 

Body,    Inaalaled   —A  body   stq>- 

portcd  on  an  insulator^  or  ncm-conductor  dL 
elect  nctty. 
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rice  for  protecting  the  human  body  against  the 
icridcaui  passage  of  an  docthc  discharge 

To  protect  ttc  baman  body  from  the  accidcn- 
til  piwng^r  tlirot^gli  it  of  dangerous  dectric  ctir- 
reiiti,  Bd&nj  pUces  a  Hght,  flcsdble,  coaductins 
vne^  A  A  B  L I^  iti  thepod- 
fioa  Aowu  in  F^.  56,  for 
tlie  pizrp<36e  of  leading  the 
part  of  the  currcni 

id  instead  of  trough 

body.     The    body-pto* 

lector  thus  provide*  a  by- 

or  shunt  of  Jofr  reswt* 

around  the  body,  and 
ft  from  the  cfFocts 
of  m  accidental  disdiarge, 
TVe  fesistance  of  the  con- 
tacts ol  the  protecting  ccmdtictor  with  the  slcin 
Mf  mterfcre  somewhat  with  the  efficacy  of  the 
device.  Inside  iniulating  shoe-soles  for  lessening 
the  daager  from  acddental  contacts  through 
gwiBrtm!  drcuiti  have  ako  been  proposed. 

BiQif  Feed^  ElMtiie  — ^A  dc\nce 

for  aytomatically  opening  a  boiler-feed  appar- 
dectiTcally  when  the  water  in  the  boiler 
to  a  certain  predetcniiined  poiru. 

Boiling  of  Socoiidarj  or  Storages  Cell. — 
(See  CdL  S£COftdary,  or  Storage,  BotUng  of.) 

Bole.— A  unit,  seldom  or  i;c?cr  used,  pro- 
posed by  the  Bntisli  Asscxriatton. 

One  bole  11  oqsil  to  one  ^ramme-kine.  (See 
Kin.  J 

Bolomctf^r.—An  apparatus  devised  by 
Langlcy  for  meiii.urinjj  small  differences  of 
temperature. 

A  thennal  balaaoe.    (Sec  Balance,  Th^r^ 

WomhBT^mftniy  Holoenlmr  — The 

forcible  recttttaetf  projection  from  the  neg;i- 
Uve  clectrQ4^«f  lilc  ipiseous  tnoleculcs  of  the 
residua]  aimoBfhats  oC  erhausted  vessels  on 
the  passage  of  electric  discharges.  (Sec 
MafUr,  R^gdtmnt^  or  Ultra-Gaseous.) 

BoflMllle, — An  msulating  substance. 

Bpt^  Imutum The  space  pro* 

f«dc4  between  the  pole  pieces  of  a  dynan\t> 
«r  nocof  for  ihe  rotation  of  ihe  armature. 


BoreAl  Mai^iietic  Pole,— (Sec  Pale.  Mag- 
netic^ Bor£ai.\ 

Bol — A  term  sonwtimes  used  as  a  con* 

traction  for  Board  of  Trade  unit  of  electric 
supply^  or  the  energy  contained  *m  a  current 
of  1,000  amperes  flowing  in  one  hour  under  a 
pressure  of  one  volt. 

The  term  appears  inadmissible.  If  used  at  all, 
It  should  be  n,  O.  T«  The  usage  of  giving  the 
names  of  di^tin^isbcd  dead  electxtdans  to  new 
units  is  a  good  oae^  and  should  he  followed  here. 

Bouekerixep — To  subject  to  the  bouchcriz- 
ing  process,     (See  Boucher izingj^ 

lU^iicherlziii^. — A  process  for  the  preser- 
vation of  wooden  telegraph  poles,  by  inject- 
ing a  solution  of  copper  sulphate  into  the 
pores  of  the  wood.    (Sec  Pole^  Telegraphic.) 
Boimd  Charge*— (See  Charge,  Bound) 
Box  Bridge,— (Sec  Bridge,  Box) 

BoK,  Cable A  box  placed  oa  a 

lar^ge  terminal  pole  and  pro\'ided  to  recdve  the 
separate  conductors  where  the  air-line  wirei 
jom  a  cable. 

The  wires  are  distributed  in  the  cable  box  to 
as  to  be  readily  attached  to  the  air-line  wires. 

Box,  Cooling,  of  Hydro-EleictHo  Ma- 
ehitie. — A  bojt  provided  in  Armstrong's 
hydro-dectric  machine  for  the  steam  to  pass 
through  bdorc  leaving  the  nozzle. 

In  passing  dirough  the  cooHng-bos  some  of  the 
steam  suffers  condensation.  The  coolingWx, 
therefisre,  alwaya  contains  some  water,  the  pres* 
ence  of  which  aeems  to  lie  necessary  to  the  opera- 
tion of  the  machine. 

Box,  IHstri bating,  of  Conduit, — A  name 
generally  applied  to  a  handholc  of  a  ^nduiL 
(See  Handhole  of  Conduit) 

Box«  Distrll^iitioiL,  for  Are  Light  €ir* 
e nits. —A  de%'ioe  by  means  of  which  arc 
and  incandescent  Hghts  may  be  suntsltane* 
ously  employed  on  the  same  line  from  a  con- 
stant-current dytiamo^Iectric  machine  or 
other  source  of  constant  currents. 

A  portion  of  the  line  draiit,  whose  difference 
of  potential  is  suffident  to  operate  the  electro- 
receptive  device,  as,  for  example,  an  incandescent 
lamp,  is  divided  into  such  a  number  of  multiple 
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circuits  as  will  provide  a  current  of  the  requisite 
strength  for  each  of  the  devices.  For  example,  if 
the  normal  current  on  the  line  is  seven  amp^'res, 
then  each  of  the  seven  multiple-connected  dectro- 


^>g'  57'     SeritfAfulii^t  Circuit- 

receptive  devices  shown  in  Fig.  57  will  have  a  cur- 
rent of  one  ampere  passing  through  it,  provided 
the  resistance  of  each  hranch  is  the  same. 

In  order  to  protect  the  rcroaining  devices  from 
variations  in  the  current  on  the  extinguishment  of 
any  of  the  devices,  automatic  cut-outs  are  pro- 
vided, which  divert  the  current  thus  cut  off 
through  a  resistance  equivalent  to  that  of  the 
device. 

A  variety  of  distribution  boxes  are  In  use.  (See 
Cfrcuifs,  Varit'ti^s  &/.) 

Box,    Dlstrlci-Call    —A    box    by 

means  of  which  an  electric  signal  is  auto- 
matically sent  over  a  telegraphic  line  and 
received  by  an  electro-magnetic  device  at  the 
Other  end  of  the  line. 


Fiff*  S9,    District  OtilBox* 

A  system  of  district  calls  includes  a  number  of 
call  boxes  connected  by  telegfraphic  lines  with  a 
central  station.    A  wheel,  or  its  equivalent,  set  in 


motion  by  the  pulling  of  a  lever,  makes  arvd 
breaks  an  cleciric  circuit  and  sends  over  the  line 
a  succession  of  electric  impulses  of  varying  length* 
separated  from  one  another  by  varying  intervals 
of  time.  These  impulses  may  be  received  at  the 
central  station  as  a  scries  of  dots  and  dashes,  or 
may,  by  means  of  a  Morse  sounder,  produce  sue- 
cessive  sounds.  By  pulling  the  lever  or  handle 
through  diflerent  distances,  different  signaU  may 
be  sent  to  lb e  central  station  and  serve  as  calls  for 
various  services,  such  as  messenger  boys,  fire 
alarm,  police,  special,  etc. 

The  general  appearance  of  a  four-call  district 
box  is  shown  in  Fig,  58.  In  order  to  transmit 
a  call  for  any  particular  one  of  these  four  services 
the  handle  is  pulled  until  it  comes  opposite  to 
letters  indicating  the  required  service,  and  is 
released.  The  service  required  is  then  indical 
at  the  receiving,  or  central  station,  through 
varying  signals  sent  over  the  line  by  the  move- 
ment of  the  break- wbeeli  on  the  release  ot  the 
handle. 

Box,  Fire- Alarm  Signal A  signal 

box  provided  for  the  purpose  of  automatically 
sending  an  alarm  of  fire. 

The  hre»alarm  box  shown  in  Fig.  59,  operates 
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Fig".  S9»    Firt*  Alarm  S/^wal-Baa^ 

on  the  same  principle  as  the  district  call  box^.  The 
movement  of  the  handle  in  the  direction  of  the 
arrow  driven  a  wheel  that  makes  and   breaks  a 
circuit  at  certain  mtcrvals, 
The  fire-alarni   signal   boxes    are    connectea 
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I  either  with  a  central  station,  or  with  the  engine 
I  houses  of  the  district  in  which  the  alarm  is 
I        founded,  or  with  both. 

Box,  Flre-Alarm  Telegraph An 

automatic-call  signal-box  employed  for  send- 

1^  an  alarm  of  fire  to  a  central  station, 
A  form  of  fire-alarm  telegraph  box  is  shown  iii 
g.  6q,     It  consists  essentially  of  a  circuit-breaker 

Fit*  *<>•    Fir^Marm  TtUgraph  Bifje, 

Ui4t  is  mcnred  by  pulling  down  a  kver.  The 
release  0(f  the  lever  repeats  the  si^al  to  the  5re 
departmeDt  At  the  central  station  a  certain  number 
of  timet.  The  l»x  also  contains  a  relay  bell, 
lightiufig  arrester  and  signal-bell  key. 

Box,   Fisliingr A    term    sometimes 

used  tDStead  of  junction  box.  (See  Box, 
Juncii^n, ) 

Box.  Flash —A  box  or  space,  flush 

mth  the  surface  of  a  road-bed.  provided  in  a 
system  of  underground  wires  or  conduits, 
to  facilitate  tfie  introduction  of  Ihc  conduci- 
ors  into  the  conduit,  or  for  the  examination 
of  the  conductors. 

Box,  Fuse -The  box  in  which   the 

lusc-wire  of  a  safety-fuse  is  placed. 

The  fuse-box  shDuId  be  formed  of  moisture- 
prwjl.  'jkcombusdble,  insulating  materials. 

Box,    JmtcUoQ A  moisture-proof 

^x  provided  in  a  system  of  underground  con- 


fig*  tr*     Jumctkm  Box, 

ductOTS  to  receive  the  icnninals  of  the  feed- 
en^  m   which  coimcction  is  made  t>etween 


the  feeders  and  the  mains,  and  from  which 
the  current  is  distributed  to  the  individual 
consumer.     (See  Feeder,    Main^  Ekctric.) 

A  form  of  junction  box  for  coupling  len^hs  of 
conductors  is  shown  in  Ftg.  6i, 

Box,  Patrol  Alami -An  auiomatic- 

si^al  call-box  provided  for  use  on  the  out- 
side of  build in^js. 

The  call-box  is  placed  inside  a  box,  the  outer 
door  of  which  is  furnished  with  a  Yale  lock* 


/^4%  t9*     Patrol  B9JC, 

A  lorm  of  patrol  box  is  shown  In  Fig.  62. 

Box,  ReHlstanff'^ ^A  box  containing 

a  number  of  separate  coils  of  known  resist- 
ances employed  for  determining  the  value  o! 
an  unknown  resistance^  and  for  other  pur- 
poses.  (See  Bridge^  Electric,  Box  Form  of.) 

Box -Sounding  Relay.— (See  Relay,  Box- 

Saundtftg^,) 

BoxSotinding  Telefrraf^hif;  R**lay.— (Sec 

Relay,  Box-SouHdif^  Telegraphic^ 

Box,   Splict! A   box    provided  for 

holdmg  splice  joints  and  loops,  and  so  ar- 
ranged as  to  be  readily  accessible  for  exami- 
nation, re-arranging,  cross-con  nee  tmg,  etc, 

SpUce- boxes  vary  in  shape  and  construction 
according  to  the  purposes  tor  which  they  are 
designed. 

Box,  Splice,  Four- way --A  splice- 
box  piovidecl  with  four  ways  or  tubular  con- 
duits, 

Box,    Splice,  Two  Way —A  splice- 
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box  provided  with  but  two  tubular  conduits  or 
ways* 

Box,    TanllllRir A    rotating    box 

in  which  metallic  artkirs  that  are  to  be 
electroplated  are  placed  so  as  to  be  polished 
by  aitritkin  against  one  another. 

Boxing    the    Coiii|»a8&^See    Campass, 

Soxtng  ike:) 

Brftclcet,  Lamp,  Electric ^A  de- 
vice similar  to  a  bracket  for  a  g^as  burner  for 
holding  or  supporting  an  electric  lamp. 


Braid,  Tubular  - 


X  braid  o/  Jibfous 


Fl^.tS*    l^mpBrackei.     Fig.  6 4.      Lttmf  Braakfi. 
L^np  brackets  are  dthcr  fixed  or  movable. 


Fig*  6j*    Ztfw/  Brmc^,  MmmUi  Armu. 

Those  shown  in  Figs.  6^  and  64  arc  5xed.  That 
shown  in  Fig*  65  is  movable. 

Bracket,  Telegrraphic A  support 

or  cross  piece  placed  on  a  teleg^ph  poic 
lor  the  support  of  the  msulators  of  tele- 
graphic lines. 

Telegraphic  insulators  are  supported  either  on 
wooden  arms,  or  on  iron  or  metal  brackets. 

Fig,  66  shows  a  form  of  nron  bracket  Fig.  67 
shows  a  form  of  wooden  arm» 


insulating  material,  woven  in  the  form  ol  a 
tube,  and  provided  for  drawing  OYcr  Ji  splice 
after  two  wires  have  been  conaectad. 

Braided  Wire.— (Sec  Wa^,  Bra$ded.\ 

Brake,  Electro-lDignetlo A  hr^^ 

for  car  wheels,  the  braking  power  for  which 

is  either  derived  entirely  from  electro-magnet^ 
ism,  or  is  thrown  into  action  by  electro-mag- 
netic devices. 

Klectro-magnctic  car  brak«  arc  of  a  great  va* 
riety  of  forms.  They  may,  however,  be  ananged 
in  two  classes,  viz. ; 

(I.)  Those  in  which  magnetic  adhesioti,  or  the 
magnetic  atliaction  of  the  brake  to  the  wheels,  is 
employed. 

(2.)  Ordinary  brake  mechaiiiam  in  which  the 
force  operating  the  brake  is  thrown  into  action  by 
an  electro-magnet. 

Brake,  Friction A  name  some- 
times given  to  a  Prony  brake.    [S^^Brukt^ 

Brake,  Kagneto-Electric A  device 

for  checking  the  swing  of  a  galvanometer,  in 
which  a  slight  inverse  current  is  sent  tlirough 
the  coils  of  the  galvanometer. 

The  Frcy  magneto- electric  brake,  as  shown  in 
Fig.  6S»  consL>ti  of  a  small  coil,  ocmneQlod  by  a 


F^g*  66,   Tf/rgra/Aie 

Brackftn 


Fig.  O7.     Ttltgra^kif 
Cr»tt-Arm.^ 


Various  well  known  modifications  of  these 
shapes  are  in  common  use*  (For  details,  see  /mSt, 
Teiesrapktc,\ 


Fig.  tS.   Fir.  trie  Brakt. 

contact-key  with  thtr  galvanometer  terrain als.  A 
small  adjustable  magnet  coil  is  provided  (br 
regulating  the  action  ot  the  inverse  current.  T<> 
avoid  disturbance,  the  brake  is  placed  at  least 
4  or  5  £Bct  from  the  gal vananieter.  Manipulatioii 
of  tlie  ordinary  galvanometer  key  attains  the  same 
end  in  a  much  simpler  manner. 

Brake,  Prony A  mechamcal  de- 
vice for  measuring  the  power  of  a  driving 
shaft 
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I  inflcjuble  beam.  Fig.  69^  is  provided  at  one 

wilh  a  clamping  device  for  clampmg^  the 

ng  shaft  or  ptiDcyi  and  at  the  other  end  A, 

I  a  pan  for  holding  weights, 

[U  fhc  brake  be  arranged  as  shoi^-n  in  Fig,  69, 

i  lh«  shaft  njtate  in  the  direction  of  the  arrow, 

r  tendency  w  ill  be  to  carry  the  beam  around 

I  diaft,  placing  it  at  some  given  moment 


.1 


I 


Ffi,  6q,    Frony  Brmki, 

ithe  posttion  shown  by  the  dotted  line.     If  a 
^efficietitly  heavy  weight  be  placed  at  x,  in  a  pan 
^mig  MX  A,  the  beam  will  assume  a  position  ver- 
tically downwards.    If,  however,  the  tarque,  or 


t  dnving  shaft,  be  balanced  liy 
•  will  remain  hon'jeontal.  The 
r  can  then  be  calculated  by  multiplying  the 
|fct  in  pounds  by  the  circumference  in  feet  of 
i  circle  o#  which  the  bar  is  a  radiu%  and  this 
by  tbe  number  of  turns  of  the  driving 
t  per  minute.     The  product  will  be  the  num- 


^nd  of  the  cord  h  attached  to  the  top  of  a  spring 
balance,  the  other  end  of  which  is  fastened  to  the 
floor.  A  reading  of  the  spring  balance  is  taken 
while  the  pulley  is  at  rest  and  when  it  is  la  motion, 
and  the  result  calculated. 

Branch. — A  term  applied  to  any  principal 
distributing  conductor  from  which  outlets 
arc  taken  or  taps  made. 

Brftnch-Block.— (See  Bhnrk,  Branch:^ 

Brunch  Cooiliictonii. — (See  Conductor^ 
Branch^ 

Branch  FiiBC. — (See  Fuse,  Branch,) 

Branch,  Sub A  distributing  con- 
ductor taken  from  a  branch. 

Branding,    Elwtrle A    process 

whereby  the  branding  tool  is  heated  by  elec- 
trical incandescence  instead  of  by  ordinary 
heat. 

The  branding  tool  consists  essentially  of  a  small 
transformer  wilh  devices  for  regulating  the  cur- 
rent strength  by  switches  and  choking  coils. 

Brassing,  EU*etro Coating  a  sur- 
face with  a  layer  of  brass  by  electro-plating, 
(See  Phting.  EUdro.) 

The  plating  bath  contains  a  solution  of  copper 
and  zinc  ;  a  brass  plate  15  used  as  an  anode. 

Brpak. — A  want  of  continuity  in  a  circuit. 

Break,  Circuit  Loop —A  device  for 

introducing  a  loop  in  any  part  of  a  line 
circuit. 

A  form  of  circuit  loop-break  is  shown  in  Fig»  72. 


^S^ 


^  cif  iMrt-pounds  per  minute,  and,  when  divided 
^  JJ,aOC\  will  give  the  k^frse-ptnGer, 

Sotnm  wodiliffd  forms  of  the  Prony  brake  are 

AowQ  in  Flgs«  70  and  71, 

A  ttimple  form  of  brake  consists  of  a  cord  passed 

r  the  puUcy  of  the  machine  to  be  tested,     A 

fbt  Is  bung  at  cme  end  of  the  cord.     The  other 


It  consists  essentially  of  a  rivjid  frame  m  ith  two 
porcelain  or  other  suitable  insulators  for  the  sup- 
port of  the  loop  wires* 


Bre.] 
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Break-I>owii  Swlteh. — (Sec  Switch, Break- 

Break-Induced  Current. — (Sec  Current^ 
Break-Induced.) 

Breaks  Hereur j ^A  form  of  circuit 

breaker  operated  by  the  removal  of  a  conduc- 
lor  from  a  mercury  surface. 

Mercury  breaks  assume  a  variety  of  forms.  One 
end  of  the  circuit  is  connecte^l  with  the  mercury, 
and  the  other  with  the  conductor. 

Breek  Shock.— (See  Shock,  Break\ 

Breaker,  Circuit Any  device   for 

breaking  a  circuit. 

Break  hi  1^  the  rrliuary.— (See  Primary, 
Breaking  the.) 

BreakinuT  Weight  of  Teleg^raph  Wlres.-^ 
(See  Wires,  Telegraph ^  Breaking  IVtii^ht 
of,) 

Breath  Fi|,f urea.— (See  Figures,  Breath,) 

Breeze,  Electric —A  term  some- 
times employed  in  electro-therapeutics  for  a 
brush  discharge. 

One  of  the  electrodes,  consisting  of  a  single 
point  or  a  number  of  points,  is  held  near  the 
parts  to  be  treated  so  that  the  con vective discharge 
is  received  thereon.  The  other  electrode  is  con- 
nected to  the  body  of  llie  patient* 

Breeze,  Electro-Therapeutic  — An 

electric  l>reeze*     (See  Breese,  Electric^ 

Breeze,  Head*  Electro-Therapeutic 

— ^A  form  of  electric  convective  discharge, 
or  electric  breeze,  applied  to  the  head.  (See 
Breeze,  Electric.) 

Bre<*ze,  Static- —An    electric    breeze 

obtained  by  the  convective  discharge  of  an 
electrostatic  charge. 

Bridge- Arms.— (Sec  Arms,  Bridge  or 
Balance,) 

Brldgre,  Box —A  box  of  resistance 

coils  so  arranged  as  to  be  capable  of  being 
used  directly  as  a  Whcatstonc  clcclric  balance. 
(Sec  Bridge,  Electric,  Box  Form  of.) 

The  commercial  form  of  Wheaist one's 
balance* 

Brldifc,  Electric  — A    device    for 

measuring  the  value  of  electric  resistances. 


The  electric  bridge  is  also  called  the  Electric 
Balance. 

This  is  called  a  bridge  because  the  wire  M.  G, 
N,  bridges  or  joins  points  of  equal  potential. 

A,  B,  C  and  D,  Fig,  73,  arc  four  clcctnc  re- 
sistances, any  one  of  which  can  \>c  determined  in 
Mwj,  provided  the  absolute  value  of  one  of  the 
others,  and  the  relative  values  of  any  two  of  the 
remaining  three  are  known  in  ohms. 

A  voltaic  battery,  Zn  C,  h  connected  at  Q 
and  P,  so  as  to  branch  at  P,  and  again  nntte  at 


zn'  c 
Fir,  ?J*    MlieirieBmlAmct. 

Q,  after  passing  through  the  conductor  li  l%  ; 
B  A. 

A  sensitive  galvanometer,  G,  is  connected  at 
M  N,  as  shown. 

The  passage  of  a  current  through  any  resistance 
is  attended  by  a  fall  of  potential  proportional  to 
the  resistance,  {^^cc  Potenfiai^  Ei^ciru,)  If,  then, 
the  resistances  A,  C  and  B,  are  so  proportioned 
to  the  value  of  the  unknown  resistance  D,  that  no 
current  passes  through  the  galvanometer  C,  the 
two  points,  M  and  N,  in  the  tu*o  circuits,  Q  M  P 
and  Q  N  P,  are  at  the  samcpotentiaL  Tlmt  is  to 
say,  the  fall  of  potential  along  Q  M  P  and  Q  N  P, 
at  the  points  M  and  N,  is  equal.  Since  the  fall 
of  potential  is  proportional  to  the  resistance,  it 
follows  that 

A  :  B  :  :  C  :  D, 
orAxD:=BxC, 

orD=r5>l   C. 


•=G) 


If  then  we  know  the  values  of  A,  B  and  C, 
value  of  D,  can  lie  readily  calculated. 

By  making  the  value  »,  some  simple  ratio,  the 

value  of  D,  is  easily  obtained  m  terms  of  C. 

The  resistances  h,  B  and  C,  may  consist  of 
coils  of  wire  whose  r«istancc  is  known.  Ta 
avoid  their  magnetism  affecting  the  galvanometer 
needle  during  the  passage  of  the  current  through 
them,  they  should  be  made  of  wire  bent  into  two 
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p«ara1]d  wires  and  wrapped  in  coiU  called  rtsist- 
^iuf  ceils;  or  a  resistanie  6cx  may  be  used.    (Sec 
p»i7,  /^esistantf.     Sox,  ^tjisfattit^.) 
There  are  two  general  forms  of  \Mieatstone*s 
ridge,  the  box  form,  and  the  sliding  form» 

Biidgis    Electric,    Anus  of The 

sistanccs  of  an  electric  bridge  or  balance. 
Sec  Bridge,  Eiectnc) 

Briilge,  Electric,  Box  Form   of 

commercial  form  of  bridge  or  balance  in 

v^hich  all  the  knoNX'n  arms  or  branches  of  the 

krid^e,  except  the  unknown  arm^  consist  of 

:indardized  resistance  coils,  whose  values  are 

v'cn  in  ohms.     (Sec  Coilt  Resist anct) 

The  box  form  of  bridge  or  balance  is  shown  la 


To  avoid  the  cffecls  of  changes  of  resistance  oc- 
casioned by  changes  of  tt!mperature,  the  coils  are 
made  of  German  silver,  or»  preferably,  of  alloys 
called  Piatinoid  or  PtatinuM  si  her.  Even  when 
these  alloys  are  used,  care  should  be  taken  not  to 
allow  the  currents  to  pass  continuously  through 
the  resistance  coils  longer  than  a  few  momcnti. 

TTie  coils,  C,  C\  are  conncctetl  with  one  another 
in  series  by  soldering  their  ends  to  the  short 


Fig^  J  4^    Box  Baiamctt 

^     tJv«  in  Fig.  74,  and  in  plan  in  Fig,  75, 
(tnidge  arms,  corresponding  to  the  resistances 


/>^.  f6*    IsiUsUHC*  Ci*ili, 

thick  pieces  of  brass,  E,  E,  E,  Fig.  76*  On  the  in- 
sertion of  the  plug'keys,  at  S,  S,  the  coils  are  cut- 
out by  short-circuiting.  Care  should  be  taken  to 
see  that  the  plug-keys  arc  firmly  inserted  and  free 
from  grease  or  dirt,  as  otherwise  the  coil  will  not  be 
completely  cut  out.  As  each  plug-key  is  inserted 
it  should  be  turned  slightly  in  the  opening,  so 
as  to  insure  good  contact. 

The  following  are  the  connections,  viz.:  The 
galvanometer  is  inserted  between  q  and  r.  Fig.  77, 


Fig.  7  J.    B^x   Bai*tH£i. 

A  aad  B,  of  Fig,  73,  consist  of  resistance  coils  of 

10,    100  and  1,000  ohms  each,  inserted   in   the 

arms  q  x,   and  q  x,  of  Fig.   75,      These   are 

called  the  fr^^ptfrtionat  tmls.     The  arm   corre- 

tponding.to  resistance  C,  of  Fig.  73,  is  composed 

cifcparate  restslances  of  i,  2,  2,  5,  10.  10,  20,  50, 

100^  100,  20C\  500,  1,000,  1,000,  2,000  and  5,000 

k^hms.     In  some  forms  of  box  bridges  additional 

devimal  rcsi%r.inces  are  added. 

T?ie  rcsi'itancc  coils  are  wound,  as  shown  in 

ttcr  the  wire  has  been  bent  on  itself  in 

•-%     This  is  done  in  order  to  avoid  the 

tffcti  of  induction,  among  Nvhich  arc  a  disturb- 

itg  action  on  a  galvanometer  used  near  them, 

nd  the  introduction  of  a  spurious  resistance  in 

;  codls  themselves,   \Se^ /^esisiame^  Spuriitus,) 

5— Vol.  i 


ih 


Fi(*  77.     Eliciric  Bmtmmc€. 

the  unknown  resistance  between  i  and  r;  the  bat- 
tery  is  connected  to  x  and  z.  A  convenient  pro- 
portion being  taken  for  the  value  of  the  propor- 
tional coils,  resistances  are  inserted  in  the  arm  C, 
until  no  deflection  is  shown  by  the  galvanometer 
G.  The  similarity  between  these  connections  and 
those  shown  in  Fig.  75  will  be  seen  from  an 
inspection  of  Fig.  77.  The  arms,  A  and  B,  corre- 
spond to  q  X  and  q  £,  of  Fig.  75  \  C,  to  the  arm 
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X  Tf  Fig.  75;    md  D»  to  the  unknown  resistance. 
We  then  have  as  before: 

4sB:;C£D,orAxI>=BxC.  .%D  = 


•■>=© 


The  advantage  of  the  simplicity  of  the  ratloa^  A 
and  B»  or  lo,  loo  and  i,ooo  of  tlie  bridge  box, 
will  therefore  be  manifest*  The  battery  terroinaU 
may  also  be  connected  to  q  and  r,  and  the  gi\. 
vanomctvr  terminals  to  x  and  t,  without  disturb- 
ing the  proportions. 

Brifl^e,  Electric,  Commerelal  Form  of 

A  name  somctiraes  given  to  the  box 

form  of  Wheatstone*s  electric  balance.  (Sec 
Bridge,  Electric^  Box  Form  cf^ 

Bridge,  EleetHe  Btiptex -—An  ar- 
rangement of  teicgraphic  circuits  in  the  form 
of  a  Whealstone  electric  bridge  for  the  pur- 
poses of  duplex  telegraphy^  (See  T^i^g^ 
raphy.  Duplex,  Bridge  Meikad  c/,) 

Bridge,  El«*tHc,  Praportlotiate  Arms 
©f  — — -  — (Sec  Arms,  ProporiianaU.) 


Bridge,  EliH^trfe,  BUde-Fomi  of 


A  balance  in  which  the  proportionate  arms  of 
the  bridge  are  fonned  of  a  single  thin  wire,  of 
uniform  diameter,  generally  of  Cennan  silver, 
of  comparatively  high  resistance.  The  length 
of  this  wire  is  usually  one  metre ;  hence  this 
apparatus  is  often  called  the  metre  bridge. 

A  Sliding  C&tUact  Key  slides  over  the  wire;  one 
terminal  of  the  key  is  connected  with  tlie  galva- 
nometer and  the  other  with  i};\^  wire  when  the  key 
b  d€3>resscd.  As  the  wire  is  of  uniform  diameter 
^  resistances  of  the  arms,  A  and  B,  Fig.  78^  will 


Fig,  7^.    SUdt  Bri4i4* 

be  directly  proportional  to  the  lengths,  A  scale 
placed  near  the  wire  serves  to  mcastire  these 
lengths.  A  thick  metal  strip  connected  with  the 
slide  wire  has  four  gaps  at  P,  Q,  R  and  S* 

When  in  ordinary  use,  the  gaps  at  P  and  S»  are 
Cither  connected  by  stout  strips  of  conducting  ma- 
terial or  by  known  resistances^  in  which  latter  case 
they  act  simply  as  un^raduateil  extensions  of  the 
slide  wire,  and,  like  lengthening  tlie  slide  wire, 
increase  the  sensibility  of  the  instnunent* 


The  unknown  resistance  is  then  inserted  in  the 
gap  at  Q,  and  a  known  resistance,  generally  the 
resistance  bcx^  in  that  at  R.  The  galvaQOioeter 
has  one  of  its  terminals  connected  to  the  metal 
strip  between  Q  and  R,  and  its  other  terniLnal  to 
the  sliding  key.  The  battery  terminals  are  con- 
nected to  the  metal  strips  between  P  and  (^,  and 
R  and  S,  respectively* 

These  connections  are  more  clearly  seen  in  the 
form  of  bridge  shown  in  Fig.  79.  The  slide  wire, 
w  w,  coosLats  of  three  separate  wires  Gach  a  mdra 


F^ff,  fg,    SUde  F^rm  V  Brnj^. 

in  tengthf  so  arranged  that  only  one  wire,  or  two 
In  scries,  or  all  three  in  series,  can  be  used*  Mat- 
ters being  now  arranged  as  shown,  the  sliding 
key  is  moved  until  no  current  passes  through  tK« 
galvanometer  when  the  key  h  depressed. 

Tlie  slide  fonn  of  bridge  is  not  entirely  satb- 
fcctory,  since  the  uncertainty  of  the  spring-con- 
tact  causes  a  lack  of  correspondence  between  the 
point  of  contact  and  the  point  of  the  icafe  on 
which  the  index  rests. 

The  loss  of  uniformity  in  the  diameter  of  the 
wire,  due  to  constant  use»  causes  a  lack  of  corre- 
spondence between  the  resistance  of  the  wire  ami 
its  length,  With  care,  however,  very  accurate 
results  can  be  obtained  by  the  slide  form. 

Bridge,    Iitdacliuiee ^An  appanu 

tus  for  measuring  the  inductance  of  a  circuit 
slniilar  to  a  Wheatstone  bridge.  (Sec  /«*/:/*-- 
ioftee,) 

Professor  Hughes  employed  an  inductance 
bridge  of  the  following  description: 

Four  resistances,  Q,  S,  U  and  ?,  arranged  as 
shown  in  Fig.  80,  form  the  bridge.  The  re- 
sistance!, Q,  S  and  R,  consist  of  sections  of  <;.cr- 
man  stiver  wire,  one  metre  in  lengtli,  c;ich  of 
the  resistance  of  4  ohms»  P,  is  a  coil  of  wire  pt>s- 
sessing  sensible  inductance.    The  object  ol  tlis 
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linMge  is  to  measure  tJie  value  of  this  inductance. 
I,  is  au  interrupter  placed  in  the  circuit  of  the 
battery  B. 

Suppose  the  interrupter,  I,  be  placed  in  the  tcle- 
plioiie  circuit  between  T  and  c.    By  shifting  the 
;  contact  so  as  to  alter  the  value  of  R,  a  baK 


SS 


iiiiiiif-^ 

6 
#j(if .  So,    ImJMctattef  Bridg** 

t  CKn  be  eficcted  and  silence  obtained  in  tJie 
>hiooew 

^kjnff  remove  the  interrupter  and  place  it  in  the 
r  circuit  between  b  and  a,  a&  shown  in  Fig. 
If  BOW»  the  inlernipter»  1,  be  made  to  rapidly 
apt   the   batlt'ty  current,   this  balance  is 
y^ed»  and  cannot  be  again  obtametl  by  any 
'  Mutation  in  the  value  of  the  resistance,  R. 

TlteiTa9<raof  this  is  evident.  On  the  closing 
WQgtaita%  of  the  battery  current,  the  inductance 
<tf  F*  prodocei  ft  counter  electromotive  force  in 
PpWilichpfodtlCCS  differences  of  potentianMrfweea 
#tBd  c    If  an  attempt  be  made  to  prevent  dda^ 


itiji|ii- 


\  the  ^u0  of  R,  the  ttieady  balance  is 
^  and  the  telephone  will  be  traversed  by 
loarrent  during  the  time  the  currents  have  be- 
flPBe  iteady.  In  order  to  obtain  a  balance 
I  npid  aheroations  of  the  battery  current, 
r  Rogjhes  placed  a  pair  of  mutually  in- 


ductive coils  in  the  bait  cry  and  the  telephone 
circuits,  as  shown  in  Fjg«  Si. 

The  resistances^  Q,  S>  R  and  P,  are  the  same 
as  already  described.  The  mutually  inductive 
coils,  Mj  and  M,,  are  pW'ed  respectively  in  the 
telephone  and  battery  circuits  in  the  manner 
shown.  The  coil  M,,  in  the  battery  circuit  is 
fixed,  while  that  in  the  telephone  circuit  is  so 
arranged  that  it  can  be  maintained,  with  its  centre 
coincident  with  that  of  M^,  while  its  axis  can  be 
placed  at  any  desired  angle  with  M,.  When  the 
axes  of  the  coils  are  at  right  angles,  the  inductance 
is  zero.  When  Ihey  are  colincaj^  the  inductance 
is  at  its  maximum. 

When  the  coils  Mj,  and  M,,  are  in  any  inter* 
mediate  position,  the  mductive  electromotive 
force  produced  in  the  telephone  circuit  can,  if 
the  value  of  R,  be  changed^  be  made  to  balance 
the  impulsive  electromotive  force  due  to  the  in- 
ductance of  r,  and  the  value  of  this  latter  can, 
tJierefore,  be  inferred. 

Bridge,  Muiriietic  — 


— An  apparatus  in- 
vented by  Edison  for  measuring  magnetic 
resistance,  similar  in  principle  to  Wheatstone's 
electric  bridge. 

The  magnetic  bridge  is  based  on  the  fact  that 
two  points  at  the  same  magnetic  potential,  when 
connected,  fail  to  produce  any  action  on  a  mag- 
netic  needle*  The  magnetic  bridge  consists,  as 
shown  in  Fig.  82,  of  four  arms  or  sides  made  ol 
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fSf.S*.    Moffutk  BH4e** 

pure,  toft  iron.  The  poles  of  an  electro-magnet 
are  connected  to  projections  at  the  middle  of 
the  short  side  of  the  rectangle.  By  this  means 
a  difFercncc  of  magnetic  potential  is  main* 
tained  at  these  points.  The  two  long  sides  are 
formed  of  two  halves  each,  which  form  the  four 
arms  of  the  balance.  Two  of  these  only  are 
movable. 

Two  curved  bars  of  soft  iron,  of  the  same  area 
of  cross-section  as  the  amis  of  the  bridge,  rest  on 
the  middle  of  the  long  arms,  in  the  arched  8hap< 
shown.    Their  ends  approach  near  the  top  of  the 
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mrcli  within  alx>ut  a  half  inch.  A  space  is  hoi. 
lowed  out  between  lhe$e  ends,  for  the  reception  ot 
a  short  needle  of  weU*magiietized  hardened  steel, 
suspended  by  a  wire  from  a  torsion  head. 

The  movements  of  tlie  needle  are  measured  an 
a  scale  by  a  spot  of  light  reflected  from  a  mirror* 

The  electro- magnet  maintains  a  constant  dif- 
ference of  magnetic  potential  at  the  two  shorter 
ends  o.  the  rectangle*  lf»  therefore,  the  four 
barSf  or  arms  of  tlie  bridge,  are  magnetically 
identical,  there  will  be  no  deflection,  since  no 
difference  of  potential  will  exist  at  the  ends  of  the 
bars  between  whkli  the  needle  is  sLispendcd,  If, 
however,  one  of  the  bars  or  arms  he  moved  even 
a  trifle,  the  needle  is  at  once  deflected,  the  motion 
becoming  a  maximum  when  the  bar  is  entirely 
removed*  If  replaced  by  aJiother  bar,  diflering 
in  cross- section,  constitution,  or  molecular  struc- 
ture, the  balance  is  likewise  disturbetl. 

The  magnetic  bridge  is  very  sensitive*  It  was 
designed  by  it5  inventor  for  testing  the  magnetic 
qualities  of  the  iron  used  in  the  construction  of 
dynamo-electric  machines* 

Briilgro  Method  of  Duplex  Telegraphy.— 
{See    Telegraphy,  Duplex,  Bridge  Method 

on 

Bridge  Method  of  l|iiiidriiplex  Telegr* 
raphy.— (See       Telegrap/tv,      Quadrup/ex, 

Bridge  Method  of) 

Bridge,    Metre A    slide    form    of 

Whcatstone*s  electric  bridge,  in  which  the 
slide  wire  is  one  metre  in  length,  (See 
Bridge,  Eleetric,  Slide  Farm  of,) 

Biidj^,  Resistance -A  term  some- 
times applied  to  an  electric  bridge  or  balance, 
(See  Bridge,  Electric) 

Brldgr^    Reversible A   bridge  or 

balance  so  arrantjred  that  the  proportionate 
coils  can  be  readily  interchanged,  thus  per- 
mitting the  bridge  coils  to  be  readily  tested  by 
reversing. 

Bridg-e,    Wheatstone'?*    Electric 

A  name  given  tu  the  electric  bridge  or  balance* 
(Sec  Bridge,  Electric.) 

Bridges.— Heavy  copper  wires  suitably 
shaped  for  connecting  the  dynamo-electric 
machines  in  an  incandescent  light  station  to 
the  bus-rods  or  wires. 


Bright  Blppiner.—  (See  Dipping,  Bright) 
Bright    Blppiiig    Li<|uid.— (See  Liquid^_ 
Bright  Dipping.) 

Brltaimla  Joint, — (See  Joint,  Britannia^ 
Broken  Circuit,— (Sec  Circuit,  Broken:} 

Bron Xing',  Electro Coating  a  sur- 
face \\'i\\\  a  layer  of  bronze  by  electro-plating. 
(See  Plating,  Electro) 

Tiie  plating  bath  contains  a  solution  of  tin  and 
copper, 

Brimh-oinKSpray  Blncharge. — (Sec  Dis- 
cha  rgt\  Bnt s/t-a n d- Spnrv, ) 

Brush  Discharge,  —  (See  Discharge, 
Brush,} 

Bru?*!i  Electrode, — (See  Electrode,  Brush.) 

Bru^h«   Faradic — An    electrode    in 

the  form  of  a  brush  employed  in  the  medical 
application  of  electricity. 

The  bristles  are  generally  made  of  nickelixed 
copper  wire. 

BnishHolderM  for  Bynamo-Eleetric  Ma* 
eh2ae!4« — Dev  ices  for  supporting  the  collecting 
brushes  of  dynamo-electric  machines. 

As  the  brushes  require  to  be  set  or  placed  on 
the  commutilor  in  a  po^sition  which  often  varies 
with  the  speed  of  the  mac  hi  nc^  and  with  changes 
in  the  rcsiatance  of  the  external  circuit,  all  brush- 
holders  arc  provided  with  some  device  for  moving 
them  concentrically  with  the  commutator  cyiin* 
der. 

Brush  Rocker.— (See  Rocker,  Brush) 

BniHh,    Hcratch A    brush    made 

of  wire  or  stiff  bristles,  etc.  suitable  for  clean- 
ing the  surfaces  of  melallic  objects  before 
placing  them  in  the  plating  bath. 

Scratch  brushes  are  made  of  various  shapes  and 
are  provided  with  wires  or  bristles  of  vaiying 
coarseness. 

Some  forms  of  scratch  and  finishing  brushes 
are  sh  own  in  Fig.  83 ,     T  hey  are  circ  ular  in  outliutt 


and  arc  ad^ted  for  use  in  connection  with  a 
lathe* 
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BriLHh,      Hcnilcli,      Circiilnr A 

scratch  brush  of  a  tiixuhir  bhape,  so  fitted  as 
>  be  capable  of  being  placed  in  a  lathe  and 
:  in  rapid  rotation. 

Bnish,  Scraleh,   Ha  nil — A  scratch 

brush  openited  by  hand,  as  distinguished 
^om  SL  circular  scratch  brush  operated  by  a 
lathe. 

BniKhe^,  A(ljiLBtmont  of  Bynttnm-Electric 

MAt*hliir!i  ^ Shifting    tlie   brushes    into 

the  required  position  on  th<''  commutator 
cj'Undcr,  either  non-aulomatically  by  hand,  or 
automatically  by  the  cun'ent  itself*  (See 
Ji/'£'u/a/wn,  Auiffmafic,  of  Dynamo* Electric 
Machines:) 

Brushes,  CarUoti,  for  Electric    M(>f(»r» 

—Plates  of  carbon  for  Icadin^^  current 

to  electric  motors.  (See  Brushes  of  Dynamo^ 
Electric  Machine^ 

These  arc  generally  known  simply  as  brushes. 

Brusbcs,  Colle^tiii^,  of  Bynamo-ElHtrie 

Mttohiite ^Conducting  brushes  which 

bear  on  the  commutator  cylinder,  and  take  off 
the  current  g^enerated  by  the  difference  of 
potential  in  the  amialure  coils.  {S^^  Brushes 
of  Dynamo- Electric  Machine) 

Brushes,  Li»td  of— The  angle  through 

which  the  brushes  of  a  dynamo-electric  ma- 
chine must  be  moved  forward,  or  in  the 
direction  of  rotation,  in  order  to  diminish 
sparking  and  to  get  the  best  output  from 
ihc  dynamo. 

The  nrccssity  for  the  lead  arises  from  the  coun- 
ter mAijnctisni  ur  inagnetic  reaction  of  the  arma- 
tore,  and  itic  magnetic  lag  of  its  iron  core.  (See 
LenJ^  An.;h  0/,) 

The  pci^Ui*^n  of  the  brushes  on  the  commutator 
to  miurc  the  beit  output  is  practically  the  same 
In  m  ieric3  dynamo  for  any  current  strcn^jth. 
In  shunt  and  compound  dynamos  it  varies  with 
Ujc  lead. 

BrtiHh(»8  of  Bytiauio-Eleetrk'  Maehino*— 
Strips  of  metal,  bundles  of  wire,  slit  plates  of 
metal,  or  plates  of  carbon,  that  bear  on  the 
eommutalor  cylinder  of  a  dynamo-electric 
machine,  and  carr)'  off  the  current  generated. 

Rotnry  hruihci  consistiiig  of  metal  discs  are 
IOO»ctimes  ccnployed.     Copper  is  almost  univer- 
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sally  iotd  for  the  brushes  of  dynamo  electric 
machines.  Carlxin  brushes  are  often  used  for 
dynamo-clettric  motors. 

The  brush  shown  at  B,  Fig.  84,  is  formed  oi 
copper  wires,  soldered 
together  at  the  non- 
bearing  end.  A  copper 
plate,  slit  at  the  bear- 
ing end,  is  shown  at  C, 
and  bundles  of  copper 
plates,  soldered  together 
at  the  non-bearing  end, 
are  shown  at  D. 

The  brushes  should 
bear  against  the  com* 
mutator  cylinder  with 
sufficient  force  to  pre- 
vent jumping,  and  con- 
sequent burning,  and 
yet  not  so  hard  as  to  ^V-  ^4*  Bru4h£t. 
cause  excessive  wear, 

Brii>ilies  BolutiTifr,  of  Dyurtmo-Elpetrlc 

Maeltines —Discs    of  metal,  employed 

in  place  of  the  ordinary  brushes  for  carr)- 
ing  off  the  current  from  the  armatures  of 
dynamo-electric  machines. 

Brush iiicr,  Serateh  - — -—Cleansing  the 
surface  of  an  article  to  be  electroplated,  by 
friction  with  a  scratch  brush. 

Scratch  brushing  is  generally  done  with  the 
brush e?  wet  by  various  solutions* 

Bueklhig.— Irregularities  in  the  shape  of 
the  surfaces  of  the  plates  of  storage  cells,  fol- 
lowing a  loo  rapid  discharge. 

Bug .^A  term  originally  employed  in  quad- 
ruplex  telegraphy  to  designate  any  fault  in 
the  operation  of  the  apparatus. 

This  term  is  now  employc<l,  to  a  Un>llcd  extent, 
for  faults  in  the  operation  of  any  electric  appa> 
ratust 

Bii^-Traii,— A  de\^ce  employed  to  0%^- 
come  the  "  bug  "  in  quadruplex  telegraphy. 

B11II1,    Lamp   —The    chamber  or 

globe  in  which  the  filament  of  an  incan- 
descent electric  lamp  b  placed* 

The  chamber  or  globe  of  a  lamp  must  be  of 
such  construction  as  to  enable  the  high  vacutim 
necessary  to  the  operation  of  the  lamp  to  be  main- 
tainod* 
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Bunched  Cable.— (See  dwh,  Buncfua,\ 

Buticlied    CiibU%    Strnljirhtjiiriiy — 

{See  Cahie^  Bunched^  Strt%ighta7imy)i 

Bnni-lipd    Cablp,   Twbt«d    —(See 

Cable,  Bunched,  Twisted) 

Btinneji  Toltalc  C<*IL— (See  Cell,  Voltaic, 
Bitnsens^ 

Biu>y,  Electric A  buoy  on  which 

luminous  electric  signals  are  displayed. 

Burglar  Alariu.—^Sce  Alarm,  Burglar) 

Biii^lar  AJarnt  Aiinunciator,- (^See  Ah- 

Mfjciatitr,  Burglar  A  farm,) 

Bfir^lar  Alarm  Contacts— (See  Contacts, 
Burglar  Alarm) 

Bunrlar  Atttriii,  Tuk*  Ixick  ^iritcb  for  — 
— (See  Alarm,  YaU*L0ck*Swilch  Burglar.} 

Burner,  Arvand  Electric An  ar- 

gand  gas*burritT  that  is  lighted  by  means  of 
an  electric  spark. 

The  argand  electric  burner  assumes  a  variety 
of  fonns,  such  as  tlie  f/am/ntttant^  the  raichft^ 
^ndiiHt  and  the  automattt.  They  are  also  used 
b  systems  of  multiple  gas  lighting. 

Burner,  Anrniid  Electric,  Anlomutlc  — — 

— An  argand  burner  arranged  for  automatic 
electric  hghting.  (See  Burner,  Automatic* 
Electric) 

Burner,  Aneraiid  Electric,  HaiidLt|cbter 

— A     plain-pendant    electric     burner 

adapted  for  lighting  an  argand  gas-burner. 
(See  Burner,  Plain-Pendant  Electric) 

Biirncn  An?aii(f-EIec(rii\  Flain  Petidnirt 

—A     plain-penvlarit     electric     burner 

adapted  for  lighting  an  argand  gas  burner, 
(See  Burner,  Plain- Pendant  Electric) 

Dnraer,  A nrand- Electric,  Ratcliet-Pend- 

ant A  nitchei-pendanl  electric  burner 

adapted  for  lighting  an  argand  gas-burner, 
(Sec  Bunur,  Rettckit^Pendant  Electric) 

Earner,    Aiitoraatlc-Electrlc An 

electric  device  for  bc»th  tunnng  on  the  gas 
and  lighting  it,  and  turning  it  off,  by  alter* 
naiely  touching  different  buttons. 

The  gat-cock  is  opened  or  closed  by  the  motion 
of  an  armature,  the  movements  of  which  are  con- 
trolled by  two  separate  electro -magnets.  One 
push-button,  usually  a  white  one,  turns  the  gas  on 


by  energizing  one  of  the  electro  mn^^neti  ajid, 
at  the  sama  lime,  lights  it  by  means  ol  a  mjc- 
cession  of  sparks  ixom  a  spark  cod.  Another 
push-button,  usually  a  black  one,  turns  the  gas- 
oflf  by  energizing  the  other  electro-raagwrl. 
The  turning  on  or  off  of  the  gas  is  accom^ 
plishcd  by  positive 
motions.  Auiomatic 
burners  are  alio  made 
with  a  single  button* 
An  Argand  Electric 
Burner  is  shown  in 
Fig.  85. 

Banter,  Electric 

Caudle   -A 

device  for  electri- 
cally lighting  a  gas 
jet  in  a  burner  sur- 
rounded by  a  por- 
celain tube  in  imita- 
tion of  a  candle. 

Electric  candle  bur- 
ners arc  dlher  simple 
or  ratchet  candle  bur* 
ncrs. 

Burner,     Hand-    Fi£.ss*  At^gamd  EUttri* 
Li^htin^   EUntric  '^•"^' 

A  name  sometimes  applied  to  a  plain-^ 

pendant  electric  b  urn  en    (Sec  Burne  r  Ply  *  *?- 
Pendant  Electric) 

Burner,    Jiiinp-?<parlE  — A    tertn 

sometimes  applied  to  a  gas  burner  in  whick 
the  tssuitig  gas  is  ignited 
by  a  spark  that  jumps  be*  ^ . 
tween  the  metallic  points 
placed  on  it. 

Jump. spark  burners  are 
used  in  systems  of  multiple 
gas  lighting.  (Sec  IJsht' 
iftg,  Eieetric  Gas) 

Burner,    Flain*Pen- 

danl  Electric  — A 

gas  -  burner       provided 

with  a  pendant  for  the 

purpose  of  lighting  the 

gas  by  means  of  a  spark,  /i^.  ^5,  FUin^Pmi^m 

after  the  gas  has   been  Sumer, 

turned  on  by  hand. 

The  gas  is  first  turned  on  by  hand  at  the  ordi 
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nary  kc7,  and  is  then  lighted  by  pulling  the  pend- 
aot  C,  Fig.  86,  A  spark  from  a  spark  coil  ignites 
the  gAS. 

This  ss  sometitiies  called    aii    etedric   hund' 
ligkiif^  hurtur* 

Burner,  Rate1iH.ppna«iit  CAndlp  Eler- 

trie  — A  burner  for  both  hghting  and 

exttngubhing  a  candle  gas  jet. 

Burner.  Riitcliet-PeiidAnt  Electric- 

—  A  gas-burner  in  which  one  pulling  of  a 
pendant  turns  on  the  gas  and  ignites  it  by 
means  of  an  elect nc  spark  from  a  spark  coil, 
and  the  next  pulling  of  the  pendant  turns  off 
the  f^as. 

A  lutchet-wheel  and  pawl  are  operated  by  the 
molion  of  the  pendant.  The  first  pull  oi  the 
pendant  chain  moves  the  ratctiet  ^o  as  to  open  a 
faur-way  gas  cock»  and  at  the  same  time  light 
the  i;as  at  the  burner  tip  by  a  wipe  spark  from  a 
spaxk  coiL  Oil  the  next  pull  ol  the  pendant,  the 
miy  cock  is  turned  so  as  to  turn  otf  the  g?3. 
latc  pulls,  therefore,  hght  and  extinguish 
the  gas. 

Burner,  Simple  Ciindle  EJeelrIc 

A  plain-pendant  electric  bun\er.      (See  Bur^ 
\  Pimm  Pfmdaf%i  Eltcirk.) 
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Bcintrr, 
An  electric 
burner  in  which 
the  taming  of  an 
ordinary  thumb- 
cock  turns  on  the 
gas.  and  ignites  it 
by  a  spark  pm- 
diictetl  b>' a  wiping 
contact  actuated 
by  the  molions  of 
the  thumb-cock* 

A  form  of  thumb* 
cock  bumcT  i& 
shown  in  Fig»  87. 

Bnnsfr,  Tl- 
hmtln^^E  lee- 
trie    —An    fig^Sj,     Tkttm6'Ceck  SmrmfT, 

ekctric  gas-burner  in  which  tlie  gas  is  lighted 
liter  it  is  turned  on  by  hand,  by  means  of  the 
spark  from  a  spark  coil  produced  on  the  rapid 


making  and  breaking  of  the  circuit  by  a 
vibrating  contact. 

The  ribrating  electric  burner  has  a  single  elec- 
tro-magnet. It  is  operated  by  means  of  a  button 
or  switch^  Mid  may  be  used  on  single  lights  or  on 
groups  of  hghts.  It  bears  the  same  relation  to 
the  automatic  burner  that  the  plain-pendant 
burner  does  to  the  ratchet  buracr. 

Biirnetixe,— To  subject  to  the  Bumetizing 
process*     (See  Burntittslng.) 

Bumetizing.— A  method  adopted  for  the 

prese nation  of  wooden  telegraph  poles  by 
injecting  a  solution  of  zinc  chloride  into  the 
pores  of  the  wood.     (See  Poie,  Telegraphic^ 

Burning  at  Coin  mutator  of  Dynamo, — 

An  arcing  at  the  brushes  of  a  dynamo-elec- 
tric machine,  due  to  their  imperfect  contact, 
or  improper  position*  which  results  in  loss  of 
energy  and  destruction  of  the  commutator 
segments. 

Bus.— A  word  generally  used  instead  of 
omnibus*     (See  Omnib%is,) 

Bns-Bnrs  —  (See  Bars^  Bus.) 

BiiN  Knd  Wires,— (Sec  IVires  Bus*Rad^ 

Bu**  Wire.— (See  Win,  Bus.) 

Biitf  Joint,— (Sec  pint.  Butt,) 

Button,  Carbon A  resistance  of 

carbon  in  the  form  of  a  button. 

A  button  of  carbon  is  used  as  an  electric  resist- 
ance  in  a  variety  of  apparatus;  its  principal  use, 
however,  is  in  the  transmitting  instrument  of  the 
electric  iclephonc.  In  the  telephone  iransmitter, 
the  tmtton  is  so  placf  d  Isetween  contact  .plates  that 
when  the  plates  are  pressed  together  by  the 
sound -waves,  the  electrical  resistance  is  decreased 
by  a  decrease  in  the  thickness  of  the  carbon  button, 
an  increase  in  its  density,  and  an  increase  in  the 
number  of  points  where  the  carbon  touches  the 
plates.  Rheostats,  or  resistances,  have  been 
made  by  the  use  of  a  number  of  carbon  buttons  or 
discs  piled  one  on  another  and  placed  in  a  glass 
tube.  Discs  of  carbonized  doth  form  excellent 
resistances  for  such  purposes. 

Button,    Pretis A    push    button* 

(See  BuHon,  Push) 

Button,  Pnsh A  de\ice  for  closing 
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\n  electric  circuit  by  the   movemenl  uf  a         Bnzz^T*  Electric  — A  call,  not  as 

Dution.  loud  as  that  of  a  bell,  proiiuccd  by  a  rapid 

A  button,  when  pushed  by  the  hand,  closes  tlie 


Fi^^SS.    Pmk  Bwtttom^        Fig*  3g* 


D 

Fuik  Buttomn 


contact,  and  thus  completes  a  circuit  in  which 
some  electro  receptive  device  is  placed.  This 
circuit  is  opened  by  a  spring, 
on  the  removal  of  the  pressure, 
Jkrnie  forms  of  push  buttons  are 
shown  in  Figs.  ^%^  8q  and  90. 

hfloor^pusk  for  dixiin^-rooms 
and  offices  is  :itiown  in  Fig* 
90. 

Fig.  SS  shows  the  general 
appearance  ot  an  ordinary  bell- 
push.  The  arrangement  of  the 
interior  spring  contacts  will  be 
understood  by  an  inspection  of  Fig,  91. 
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^^H<Miiiii|imniijniwii||||itiitut*^ 
Pig,  q  t ,    Sf^rins  Cutiact  ^  BtU  Ftuk, 

autofiiatic  make*and-break.    (See  Afake*and* 
Break n  Auiomaitc.) 

The  buzzer  is  generally  ptrced  Insidea  resonani 


Fig.  q2.     BuMMtr^ 

case  of  wood  in  order  to  strerigthen  the  sound  by 
resonance.    A  form  of  biuzer  is  shown  in  Fig,  92, 


C.^ — An  abbreviation  for  centigrade. 

'Thus,  20  degrees  C.  means  20  degrees  of  the 
centigrade  thcrroomctric  scale.  (See  Scale^  Cen- 
tigrade TAerm&nuter,) 

C. — A  contraction  for  current. 

Generally  a  contraction  for  the  current  in 

amperes,  as  C  =  |. 

^^  C — A  contraction  for  cubic  centimelre. 
(Sec  lVet£^hts  and  ^Measures,  Mitric  SysUm 

C*  €1.  S.  rnit«i.-  A  contraction  for  ccnti- 
timetre-grammc^second  units,  (See  Units^ 
Ctntimetrt^  Oramme-Second,) 


C*  P.— A  contraction  for  candle  power 
(See  Candle,  Standard ^) 

Cable.— An  electric  cable.  (See  CalU, 
Eiectric) 

Cable.— To  send  a  telegraphic  dispatch, 
by  means  of  a  cable. 

Cable,  Aerial A  cable  $u5p«ndc(' 

in  ihe  air  from  suitable  poles, 

Cable^  AiitMndnetinn,  Ifarinf 

A  form  of  anti-induction  cable. 

In  the  Waring  anti  induction  cable  the  separate 
conductors  are  covered  with  a  fibrous  insulator, 
from  which  aJl  air  and  moisture  !s  cvpclted,  and 
the  liibrc  then  saturated  with  aii  msuUting  ma 
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terUl  c^xlled  ozite.  The  conductors  are  then  pro- 
tccttni  from  the  inductive  effects  of  neighboring 
co>7iductors  by  a  continuous  sheath  of  lead  alloyed 
with  tin. 

Where  the  cables  are  bunched,  the  bunches 
mxt  sometimes  again  surrounded  by  insulating 
material,  and  the  whole  then  covered  by  a  con- 
ous  lead  sheathing  ;  generally,  however,  the 
irmtely  insulated  conductors  arc  bunched, 
I  then  covered  by  a  single  sheathing  of  lead 
alloyed  with  tin. 

CaMe,  Arnidttire  of—  —The  armor  of 
I  a  cable,     (See  Armature  of  a  Cable.) 

Cable,  Armor  of The  protecting 

sheathing  or  metallic  covering  on  the  outside 
of  4  submarine  or  other  electric  cable. 

Calile^  Armored An  electric  cable 

provided,  in  addition  to  its  insulating  coat- 
mg.  with  a  protective  coating  or  sheathing^ 
generally  of  metal  tubing  or  wire. 

CaWe-Box.— ( See  Box,  Cable,) 

Cable,  Bunebt^d  —  —A  cable  contain- 
ing more  than  a  single  wire  or  conductor. 

Some  forms  of  bunched,  lead-covered  cables, 
are  ihown  in  Fig.  93. 


Pig,  ^J,     Bmmektd  CortUt. 

Cable*  Banehed,  Straightaway — 

A  bunched  cable  the  separate  conductors  of 
which  extend  in  the  direction  of  the  length  of 
1  the  cable  \Mthout  any  twisting,  being  placed 
m  successive  layers, 

I  arranging  the  separate  conductors  in  suc- 
ve  layers  an  advantage  is  gained  in  testing 
Fa  given  wire  in  order  to  make  a  loop,  splice, 
or  branch  with  the  next  adjoining  section.  This  is 
rendered  still  easier  by  giving  the  conductors 
of  tlie  sticce&sive  layers  some  distinctive  form  of 
braiding  in  the  fibrous  insulating  material,  or 
t  distinctive  color. 


Calitt^,     Bnnctaed,    Twisted —A 

'  ''    cable,    the  separate  conductors  of 

e  twisted-pairs  placed  in  successive 
bT<en. 


Each  twisted-pair  of  a  bunched  cable  acts  as  a 
metallic  circuit,  and^  moreover,  po^esses  the  ad- 
vantage of  avoiding  the  ill  effects  of  inductiooi  so 
disadvantageous  in  telephone  circuits. 

In  laying  up  the  twisted -pairs  in  successive 
layers  in  a  bunched  cable,  the  direction  of  twist- 
ing is  reversed  in  each  successive  layer.  This 
form  is  especially  desirable  on  all  long  cable  lines. 

In  the  case  of  twisted  cables  for  telephone  lines, 
the  twists  arc  sometimes  made  as  frequent  ai  one 
in  every  three  or  four  inches.  In  such  cases  the 
cross-talk  of  induction  is  inappreciable. 

Cable,  Capaejty  of ►  — The  quantity 

of  electricity  required  to  raise  a  given  length 
of  a  cable  to  a  given  potential,  divided  by  the 
potential 

The  amount  of  charge  for  a  given  potential 
that  any  single  conductor  will  take  up  with 
the  rest  of  the  conductors  grounded.  (See 
Capacity,  Electrostatic.) 

The  ability  of  a  wire  or  cable  to  permit  a 
certain  quantity  of  electricity  to  be  passed 
into  it  before  acquiring  a  given  difference  of 
potential. 

Before  a  telegraph  line  or  cable  can  transmit  a 
signal  to  its  further  end,  its  difference  of  potential 
must  be  raised  to  a  definite  amount  dependent  on 
the  character  of  the  instruments  and  the  nature  of 
the  system. 

The  first  effect  of  electricity  being  passed  into  a 
line  is  to  produce  an  accumulation  of  electricity 
on  the  line,  stnailar  to  the  charge  in  a  condenser. 
Cables  especially  act  as  condensers,  and  from  the 
high  specific  inductive  capacity  of  the  insulating 
materials  employed,  permit  considerable  induc- 
tion to  take  place  between  the  core  and  the 
metallic  armor  or  sheathing,  or  the  ground. 

The  capacity  of  a  cable  depends  on  the  capacity 
of  the  wire  ;  r«  ^.,  on  its  length  and  surface,  on 
the  specific  inductive  capacity  of  its  insulation, 
and  its  neighborhood  to  the  earth,  or  to  other 
conducting  wires,  casings,  armors,  or  metallic 
coatings.  Submarine  or  underground  cables 
therefore  have  a  greater  capacity  than  air  lines. 

This  accumulation  of  electricity  produces  a  re- 
tardation in  the  speed  of  signaling,  because  the 
wtre  must  be  charged  before  the  signal  is  received 
at  the  distant  end,  and  discharged  or  neutralized 
before  a  current  can  be  sent  in  the  reverse  direc- 
tion This  latter  may  be  done  by  connecting 
each  end  to  earth,  or  by  the  action  of  the  reverse 
current  itself. 
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Th€  imaller  the  fie€tr&stati€  capacity  of  a  cMe^ 
thertfere^  iki  greyer  the  tpt^d  af  tigHaii$%^ .  (Sec 
Retardathn.') 

The  capacity  of  a  cable  is  measured  in  micro* 
farads,    (Sec  Farads  Micro,) 

Cable  Clip.— (See  Ciifi,  Cable,) 

Cable-Core, — (See  Care  of  Cable) 

Cable*  €ore*Ratl<i  of The  ratio  be- 
tween the  diameter  of  the  insulation  of  a  cable 
and  the  mean  diameter  of  the  strand. 

D 
The  core-ratio  is  represented  by  ^-j  where  D, 

js  the  diameter  of  the  insulation,  and  d,  the  mean 
diameter  ot  the  straiid.  Should  the  extreme 
diameter  of  the  strand  of  a  cable  be  used  in  cal- 
culations for  insulation  resistance,  inductive  capa- 
city, etc.t  erroneous  values  would  be  obtained. 
The  measured  diameter  of  the  copper  conductor 
is  consequently  decreased  some  five  per  cent.,  and, 
in  this  way,  correct  values  are  approatimatdy 
obtained »~  {Ciark  &*  Sabine,) 

Cable,  Baplex A  conductor  con- 
sisting of  two  separate  cables  placed  parallel 
to  each  other. 

The  duplex  cable  is  used  especially  in  the  al- 
ternating current  system. 

Cable,  Ele<rtrlo  --^  —The  combination 
of  an  extended  length  of  a  single  insulated 
conductor,  or  two  or  more  separately  insu- 
lated electric  conductors,  covered  externally 
with  a  metallic  sheathing  or  armor. 

Strictly  speaking,  the  word  cable  should  be 
limited  to  the  case  of  more  than  a  single  con- 
ductor. Usage,  however,  sanctions  the  employ- 
ment of  the  word  to  indicate  a  single  insulated 
conductor. 

The  conducting  wire  may  consist  of  a  single 
wire^  of  a  number  of  separate  wires  electrically 
connected,  or  of  a  number  of  separate  wires  in- 
sulated from  one  another. 

An  elccthc  cable  consists  of  the  following  parts» 
viz.: 

( I .)  The  conducting  wire  or  tore^ 

(3.)  The  insulating  material  for  BCpaiating  the 
several  wires;  and 

(3.)  The  armor  or  protecdng  covering,  consist. 
tng  of  strands  of  iron  wire,  or  of  a  metalhc  coat- 
ing or  covering  of  lead. 

As  to  their  position^  cables  are  tfm<4/,  jtfA* 
marine,  or  urfder^&und*    As  to  tbdr  purposot 


they  are  telegrapMe^  ielepkomc^  or  electric  ligh 
and  pouter  cables*    As  to  tlie  number  of  the 
conductors   they    are   singU^wire    or    bumhtK 
cables.     Bunched    cables    are    straightaway 
twisted, 
Fig.  94  shows  a  Sorm  of  submarine  cable  the 


Fii*g4*   EleetricGUU* 

armor  of  which  is  formed  of  strands  of  Iroo 
wire. 

Cable,  Eleetrfe  LIprbt  or  Fower 

A  cable  designed  to  distribute  the  electric  cur- 
rent employed  In  electric  light  or  power  sys- 
tems. 

Electric  light  cables  are  generally  %mierg\ 
They  may  be  submarine*    (See  Cable^  Electric,} 

Cable,  Flat A  cable,  the  separate 

conductors  of  which  are  1  aid-up  side  by  side 
so  as  to  form  a  flat  conductor. 

A  flat  cable  is  suitable  for  house  work  as  1 
less  ol)jectionahte  in  appearance  whea  placed  on 
the  outside  of  ceilings  or  walls. 

Cable,  Flat  Ihiplox —A  flat,  laid-up 

cable  containing  two  wires. 

Cable  Grip.— (See  Crip,  Cable,} 

Cable-Hanger,— [See  Hanger,  Cabk^ 

Cable^Hanger  Tonga^— (See  Tmigt^  < 

Hanger) 

Cable  Latd-Fp  la  Layer*, — A  term  applied 
to  a  cable,  all  the  conducting  wires  of  whadi 
are  in  layers. 
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C«^le  L|!d'Cli»  la  Eeversed  Layers-— A 
term  applied  to  a  cable  in  whicli  the  conduct  - 
OCSto  in  altemaie  Layers,  arc  twisted  in  opposite 
directions.     (Sec  CaS/^^  ijuncked,  Stra^ghi- 

I  talkie  Liui]'li»  in  Twisted  Fair&— A  term 

licd  tu  a  cable  in  which  every  pair  of  wires 
is  twisted  together  (Sec  Cable,  Bunched^ 
Twiiltd^ 

CoJUh  Lead*— (See  Lead,  Ca^e). 

(CaMp,  MuJUple-^re —A  cable  con- 

'  more  Uian  a  single  core. 

Cal»le-Prat<N?tdr.— (See  Protector.  Cable,) 

CdMi  fiinria^,— (See  Serving,  CaifU.} 

dM^t  Siafls-Wiro A  cable  con- 

lainiag  a  sngle  wire  or  conductor 

CiMc»     8iil»-Ai|tteouH An    electric 

GJbHc  designed  for  u,se  under  water 

The  term  submaxine  is  more  frequently  em* 
ployed. 

Cable,  ^almtArinc  — -^^ — A  cable  designed 
for  use  tmdcr  water. 

Submarine  cables  are  either  iAa/faw-wmUr,  or 
deef'Ua  cabhs.  Gutta-percha  answers  admirably 
for  the  insulating  material  of  the  core.  Various 
other  insulators  are  also  used, 

Stnuidf  of  larred  hemp  or  jute,  knoim  14  the 
tahifsm-ing^  are  wrapped  around  the  insuUted 
core  in  order  to  protect  it  from  the  pressure  of  Ihe 
f  ahmnued  iron  wire  armor  a^erwards  put  on. 
To  prevent  corrosion  the  iron  wire  is  covered 
vith  tarred  hemp,  galvanized,  or  otberwiie 
coabtd. 

Sttbmanine  cables  are  generally  employed  tot 
telegraphic  or  tdephuiiic  communicatiaa.     (S«e 
t,  £irtJrie,) 

_  Cabltw  StthMarino,   De^'p-Soa  — A 

tabmaiine  cable  designed  foi^  use    in  deep 
water. 

This  form  of  cable  is  not  so  heavily  armored  as 

\  shaUoW'iratcr  submannc  cable. 

^telNuarlae^Shidlow-Wator -^ 

A  submarine  cable  designed  for  use  in  shaUovr 
waier« 

Tbtt  Gtble  it  provided  wtth  a  hearier  armor  or 
dMBlbiDg  than  a  dcep.«ea  cable  to  protect  it 
6OTi  chdSng  due  tn  the  action  of  the  ir«Tes  and 
lidala  ibaliow  water.    (See  CabU^  SuSmari$te.) 


-(See 


Cable  ftnpport  Underirronad  — 

Suppart,  Underground  CabU.) 
Cable  Tank.-  (See  Tank.  Caiie^ 
Cable,    Teleif raphlc -A  cable    de- 
signed to  establish  telegraphic  communication 
between  different  points. 

Telegraphic  cables  may  be  aerial^  xubmariit^^ 
or  unJergroimii.     (Sec  Cable^  EUctrie) 

Cable,    Telepltauic A   cable    de* 

signed  to  establish  telephonic  communication 
between  different  points. 

Telephonic  cables  may  be  acrui/^  submarine^ 
or  undt-r^ound.     (See  CahU,  EUitric. ) 

Cable-Tcrniiaat— (See  TenfunaL  CabUy 

Cable,   ToriM*do —A  cable,    in   the 

circuit  of  which  a  lc»r  ledo  is  placed.  (See 
Torpedo,  BUctric^ 
*  Cai>le,  Twiated-Pair  —^  —A  cable 
containing  a  single  twisted  pair,  suitable  Cot 
use  as  a  lead  and  return,  thus  affording  a 
metallic  circuiL 

Cable*  Two,  Throe,  Fonr,  ete.,  Conductot 
~^-^  — A  cable  containing  two,  three*  four, 
or  more  separate  conducting  wires. 

Cablf*,   I'ndergroimd — An  electric 

cable  placed  underground. 

The  conductlngr  wires  of  an  underground  cable 
are  surrounded  by  a  good  insulating,  water -proof 
substance,  and  protected  by  a  sheathing  or  armor. 
A  coatmg  of  lead  is  very  generally  employed  for 
the  sheathing  or  armor.  Underground  cables,  in 
order  to  t>e  readily  accesiiihie,  should  he  placed 
in  aa  wnderground  conduit  or  subway,  (See 
Cabie,  EledrU,  Conduii^  Umdi'rgr0tmtd  Eieiiriu 
Suinmy^  Electric.) 

Cablo-Woniiiii^.^(See  Worming.  CMe,) 

Oableirraiit, — A  message  received  by  means 
of  a  subnianne  telegraphic  cable. 

Ciibles,  Layittg-Up —The  placing  or 

disposing  of  the  separai  e  cables  or  conduc- 
tors in  a  bundled  cable. 

The  separate  conductors  in  cables  may  be  laid- 
np  *'  straigktaw^jf  '*  or  **  fwisUct,*'  (See  Ca6/e, 
Bunched^  TwisUd*  Cabie^  Bmuked^  Strnighu 
<nuay, ) 

Cftbliiif.— Snidmg  a  telcgrapbic  disp^^ch 
by  means  of  a  cable. 
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Calaliau's  Slock  Printer.— (Sec  PrinUr, 

Stock ,  Calahitn  's. } 

Calami  tie,   Electric A  crystalline 

variety  of  silicate  of  tine  that  possesses  pyro- 
electnc  properties*     (See  Ekctricity,  Pyro.) 

CalEle^tricitj.— (See  Electricity,  Cat) 

Calibrate. — To  determine  the  absolute 
or  relative  value  of  the  scale  divisions,  or  of 
the  indications  of  any  electrical  instrument, 
such  as  a  galvanometer,  electrometer,  vol- 
tameter, wattmeter,  etc. 

Calibrating. — The  act  of  determining  the 
absolute  or  relative  value  of  the  deflections, 
or  indications  of  an  electric  instrument, 

Calll»ratian,  Absolute -The  deter- 
mination of  the  absolute  values  of  the  read- 
ing of  an  electrometer,  galvanometer,  volt- 
meter, amperemeter,  or  other  similar  instru- 
ment. 

The  calibration  of  a  galvanometer,  for  ex- 
ample, consists  in  the  determinatior  of  the  law 
which  governs  its  different  deflections,  and  by 
which  is  obtained  in  amperes,  either  the  ahsolule 
Dr  the  relative  currents  required  to  produce  such 
deflecU'ons, 

For  various  methods  of  calibration^  see  itan- 
3ard  works  on  electrical  testing,  or  on  elcc- 
tridty. 

CalibratioDt  IriTariaMe,  «f  Oalranoiii- 

el-er In  galvanometers  with  absolute 

calibration,  a  method  for  preventing  the  oc- 
currence of  variations  in  the  intensity  of  the 
field  of  the  galvanometer,  due  to  the  neigh- 
borhood of  masses  of  iron,  etc. 

Calibration,  Relative  —The  deter- 
mination of  the  relative  values  of  the  reading 
of  an  electrometer,  voltmeter,  amperemeter, 
or  other  similar  instrument* 

Calipt'r,  Mi- 
crometer " — - 1 
— A  name  some* 
times  given  to  a 
vernier  wire 
gauge,  (See 
Gauge,  Vernier 
IVire,) 
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Call-Bell,    Extension  .—(See  BeU, 

Extension  CaiL) 
CalKBell,    Ma^rnetoEleetrlc —An 

electric  call-bell  operated  by  currents   pro- 
duced by  the  motion  of  a  coil  of  wire  before 
the  poles  of  a  permanent  magnet. 
A  well  known  form  of  magneto  call -bell  is  shown 


A  form  of  micrometer  caliper  is  shown  in  Fie-  0^- 


fig,  96.    Magnti9  CdH  £tU. 

in  Fig.  96.  The  armature  is  driven  by  the  rota- 
tion of  the  handle 

Call-Belt  Telephone   —An  electric 

bell,  the  ringing  of  which  is  used  to  call  a 
person  to  a  telephone. 

CalL  Fleet rie   Bell   —An    electric 

bell  sometimes  used  to  call  the  attention  of  an 
operator  to  the  fact  that  his  correspondent 
wishes  to  communicate  with  him,  or  to  notify 
an  attendant  that  some  service  is  desired. 

Call,  Messengrer  —A  district  call- 
box*     (Sec  Box,  District  Call.) 

Call,  Thormo-Eleetric — An  instru* 

ment  for  sounding  an  alarm  when  the  lem* 
perature  rises  above,  or  falls  below,  a  fixed 
point. 

In  one  form  of  thermo-electric  call  a  needle  is 
moved  over  a  dial  by  a  simple  thermic  device  and 
rings  a  bell  when  the  temperature  for  which  i| 
haslieense  is  attained.  The  thermo-callisappU* 
cable  to  the  regulation  of  the  tcmoermture  of 
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dwdlingi,  incubators,  hot  houses,  brcwerlfs,  dry- 
ing roomA,  etc. 

Callaud  Toltalc  Cell.— (Sec  C^N,  Vol- 
ia/c,  Cailas4ii's.) 

ralHtig*llni|i«— (See  Drop,  Calling.) 

Ca1oreHeeitC€,  —  The  iransformaiion  of 
invisible  heat-rays  into  luminous  rays,  when 
fccdvcd  by  certain  solid  substances^ 

The  term  was  proposed  by  TyndalL  The  light 
from  a  voltaic  arc  is  passed  through  a  hollow 
^lass  lens  ^Ued  with  a  solution  of  iodine  in  bisiil 
phidc  of  carbon* 

This  solution  is  opaque  to  tight  but  quite  trans* 
parent  to  heal^ 

If  a  piece  of  charred  papei^,  or  thin  platinum 
lbll,«is  placed  m  the  facus  of  these  invisible  rays, 
it  will  be  heated  to  brilliant  incandescence,     (See 

Caloric. — A  term  formerly  applied  to  the 
fluid  which  was  believed  to  be  the  cause  or 
essence  of  beau 

The  use  of  the  word  caloric  ^t  the  present  time 
is  very  unscientific,  since  heat  is  now  known  to 
be  an  effect  of  a  wave  motion  and  not  a  material 
thing.    (5ec/(V«/.) 

Calorie.— A  heat  unit. 

There  are  two  calories,  the  small  and  the  large 
calorie. 

The  amount  of  heat  required  to  raise  the  tern* 
perature  of  one  gramme  of  water  from  o  degree 
C*  to  1  degree  C.  is  called  the  small  cahrif, 
^Thc  amount  of  heat  required  to  raise  i,ooo 
ames^  or  a  kilogramme,  of  water  from  o  dc 
g«e«  C-  to  t  degree  C,  is  called  the  gr^al  cahrie. 
The  first  usage  of  the  word  is  the  commoner. 

This  wofd  It  sometimes  spelled  calory, 

Calorte,  Great  ^The  amount  of 

beat  required  to  raise  the  temperature  of  one 
kilogramme  of  water  from  o  degree  C.  to  i 
degree  C. 

Calorie,    Small —The   amount  of 

heat  required  to  raise  the  temperature  of  one 
gramme  of  water  from  o  degree  C.  to  I 
degree  C» 

Calofimeter*^ — An  instrument  for  measur- 
ing the  amount  of  heat  or  thermal  energy 
contained  or  developed  in  a  given  body, 

Thennometers  measure  temperature  only.     A 


thermometer  plunged  in  a  cup  full  of  boQtng 
water  shows  the  same  temperature  that  it  would 
in  a  tub  full  of  boiling  water,  The  quantity  of 
heat  energy  present  in  the  two  cases  is  of  course 
greatly  different,  and  can  be  measured  by  a  cal- 
orimeter only. 

Various  forms  of  calorimeters  are  employed. 

In  order  to  determine  the  quantity  of  heat  in 
a  given  weight  of  any  body,  this  weight  may  be 
heated  to  a  definite  temperature,  such  as  the  boil- 
ing pomt  of  water^  and  placed  in  a  vessel  con- 
taining ice.  The  quantity  of  ice  melted  by  the 
body  m  cooling  to  the  temperature  of  the  ice,  is 
determined  by  measuring  the  amount  of  water 
derived  from  the  melting  of  the  ice.  Care  must 
be  observed  to  ivoid  the  melting  of  the  ice  by  ex- 
ternal heat. 

In  this  way  the  amount  of  heat  required  to 
raise  the  temperature  of  a  given  weight  of  a  body 
a  certain  number  of  degrees,  or  the  capacity  of 
the  body  for  heat,  may  be  compared  with  the 
capacity  of  an  equal  weight  of  water.  This  ratio 
is  called  the  specific  heat,    (See  /A-a/,  Sf^*t/ii\} 

The  heat  energy,  present  in  a  given  weight  of 
any  substance  at  a  given  temperature,  can  be  de- 
termined by  means  of  a  calorimeter;  for,  since  a 
pound  of  water  heated  i"  F.  alisorbs  an  amount 
of  energy  equal  to  772  foot-pounds,  the  energy  can 
be  readily  calculated  if  the  number  of  pounds  of 
water  and  the  number  of  degrees  of  temperature 
are  known.  (See  ///ral^  Mahamcal  Equivalmt 
^/) 

Calorhneter,  Electric -An  instru- 
ment lor  measuring  the  beat  developed  in  a 
conductor  or  any  piece  of  electrical  apparatus, 
in  a  given  time,  by  an  electric  current. 


A  vessel  containing  water  is  provided  with  a 
thermometer  T,   Fig,  97.     The  electric  curroil 
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passes  for  a  measured  time  tlixough  a  wire  im 
mersed  in  Ihe  liquid. 

The  quantity  of  heat  is  determined  from  (Tie 
increase  of  temperature,  and  the  weight  of  the 
water  healed. 

According  to  Joule,  the  number  of  Aeaf  units 
developed  in  a  conductor  by  an  electric  current 
18  proportional: 

(I . )  To  the  resistance  of  the  conductor, 

(2.)  To  the  squane  of  the  current  passing. 

(3.)  To  the  tJme  the  current  is  passing, 

(Sec  I/tat  Unit,  English.) 

The  heating  power  of  a  current  is  as  the  square 
of  the  current  only  when  the  restslance  remaioji 
the  same.     (Scc/A^a/,  EUetric) 

CalDrfinetric— Pertaining  to  or  by  means 
of  the  calorimeter.  1 

Caloriraelric  measurement  is  the  measurement 
of  heat  energy  made  by  means  of  the  calorimeter. 
(See  Calofimedr) 

Calorimetrically.— In  a  calorimetnc  man- 
ner. 

Calorlifietric  Photometen — (See  Phatom- 
€ter%  Ciilorimetric.} 

Calorimotor.— A  name  applied  to  a  defla- 

grator,    (See  Deflagrator> 
Calory i'—A  term  used  for  calorie^ 
Calorie  is  the  preferable  orthography*    (Sec 

CalQrie.\ 

Cam,   Electro-Ha^netle A   form 

cf  magnetic  equalizer,  which  depends  for  its 
operation  on  the  lateral  approach  of  a  suita- 
bly shaped  polar  surface,     (See  EqmUiur, 

Canu    Listening'- In   a    telephone 

exchange  system,  a  metallic  cam  by  means  ol 
which  an  operator  is  placed  in  circuit  with 
a  subscriber. 

Candle. — The  unit  of  photometric  intensity. 

Such  a  light  as  would  be  produced  by  the 
consumption  of  two  grains  of  a  standard 
candle  per  tninute* 

An  electric  lamp  of  1 6  candle-power,  or  one  of 
^000  candle-power,  is  a  light  that  gives  respect- 
ively 16  or  2,000  times  as  much  light  as  one  stand- 
fttd  candle. 

Candle  Burner,  Eleotrto  ^—  — P«  Bur^ 
mtTt  £Uciric  Candle,) 


Candle,  FJeetHe 


[Can. 

-A    term   applied 


to  the  Jablochkoff  candle,  and  other  simtiai 
devices,    (See  Candk,  Jablochkoff,) 

Candle,  Foot —A  unit  of  illumina- 
tion equal  to  the  illumination  produced  by  a 
standard  candle  at  th    distance  of  i  foot. 

According  to  this  unit«  the  illumtnatioo  pro- 
duccd  by  a  standard  candle  at  the  distance  ot 
^  feet  would  be  but  the  one  fourth  of  \  foot- 
candle;  at  3  feet,  the  one-ninth  of  a  foot-candle, 
etc. 

The  advantage  of  the  proposed  standard  lies  in 
the  fact  that  knowmg  tKe  tllumination  in  foot 
candles  rec^mred  lor  the  particular  work  to 
done^  it  ii  e^«iy  to  calculate  the  position  ai 
intensity  of  the  li^ts  required  to  produce  the 
illumination.  * 

Candle,  Jahloclikoff An   electric 

arc  light  in  which  the  two  carbon  electrodes  are 
placed  parallel  to  each  other  and  maintained 
a  constant  distance  apart  by  means  of  a  sheet 
of  insulating  material  placed  between  them. 

The  Jaljlochkoff  electric  candle  consists  of  tw§ 
parallel  carbona,  separated  by  a  layer  of  kftiilin  or 
other  heat-rcsjsting  insulating  material,  as  shnwn 
in  Fig.  98,  The  current  is  passed  into  and  outot 
the  carbons  at  one  end  of  the 
candle,  and  forma  a  voltaic  arc  at 
the  other  end.  In  order  to  start 
the  arc,  a  thin  strip  called  the 
ignittr^  consisting  of  a  mixture  of 
some  readily  ignitable  substance, 
connects  the  upper  ends  of  the 
carbons^ 

An  alternating  current  is  em- 
ployed With  these  candles,  thus 
avoiding  the  dilHculty  which  ^^'^*  ^^  ^^ 
would  otherwise  occur  from  Uie  ^^^  ^'^ 
more  rapid  consumption  of  the  positive  than  the 
negative  carbon.    (Sec  Cttrr^ni^  AUfrmittng.y 

Candle,  Metre  — The  illumination  pro- 
duced by  a  standard  candle  at  the  distance  o{ 
one  metre.    (See  Candle^  Fao/,) 

Candle-Power,— (SeeP^wi^tfr,  Candle,) 

CandlC'Power,  Rated  — ^  —(See  Pawer^ 
CaftdU,  Rated,) 

Candle  •  Powor*     Spherical (Sec 

Pmver,  Candle^  Spherical,) 

Candle,    Standard A  candle    of 


H  defbiite  cofnposilion  which»  \\iih  a  given  con- 
^r    wimplioii  in  a  given  time,  xvill  produce  a  l^ht 
oi  a  Excd  and  definite  brightness. 

A  candle  whicli  burns  120  grains  of  sperma- 
ceti wax  per  hour,  or  2  grains  per  minute*  will 
give  an  flluroination  equal  to  ctu  standard £andie. 

Uiilcv  consuicmble  care  is  taken,  erroneous  re. 
tolts  will  be  obtained  from  tbe  use  of  the  stand- 
ard candle.  Acx^ording  to  SUngo  and  Brooker 
the  following  auc  among  the  iDO«t  important 
causes  of  these  errors : 

(I.)  Dcfcctire  forms  of  candle  which  caujsc  a 
varying  consumption  of  the  material  per  second, 
Ubl  comequeiitly  a  varying  light  for  the  standard 
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(2.)  Variations  in  the  composition  of  the  spcr» 
niACett  of  which  the  candle  is  composed,  Sper- 
inaced  b  not  a  definite  chemical  compound,  but 
CODsists  of  a  mixture  oi  various  substances ; 
ItiCTrfnrr,  even  if  the  consumptioa  is  maintained 
fiOMtuit,  tbe  light-giving  power  \a  not  necessarily 
constant. 

(3.)  Variations  in  the  compcdtion  and  cbarac 
ler  of  tbe  wick,  such  as  the  number  and  size  of 
the  tlimls  of  which  it  U  formed  and  the  closeness 
of  the  strandi,  all  of  which  drcumstaaoes  influence 
tbe  amcmnl  of  light  given  off  by  the  candle. 

(4.)  The  light  emitted  in  certain  directions  va- 
ries En  m  narked  dcj^ree  «riih  the  shape  ol  the 
vkk*  The  mere  bending  of  a  wick  may,  there- 
farcv  cuse  the  amount  of  light  to  vary  consider- 
ably. 

(5.)  The  light  varies  with  the  thickness  of  the 
irick.  Thick  wicks  give  less  light  than  thin 
wicksL 

(6,)  Tbe  light  given  by  the  standard  candle  va- 
ries wiib  the  temperature  ol  the  testing- room. 
As  the  temperature  rises  the  light  given  by  the 
•landard  candle  increases. 

(7.)  Currents  of  air,  by  producing  variations 
io  the  amottDt  of  melting  waiL  in  the  cup  of  the 
candle;*  vary  the  amount  of  light  emitted* 

These  difficulties  in  obtaining  a  6xed  amount  of 
tight  from  a  standard  candle,  together  with  the 
tffficulty  of  companTi(*  the  feeble  light  of  a  single 
wilh  the  light  of  a  much  more  powerful 
such  as  an  arc  lamp,  coupled  with  the 
Iddltaonal  diSrcuIty  arising  from  the  difterence  in 
Che  colors  of  the  lights,  have  led  to  the  use  of 
other  standards  of  light  than  those  furnished  by 
the  etindard  candle, 

Oi^ivtelioiic,  or  Indla^Btibber^—A  resin- 
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Otis  substance  obtained  from  tbe  mtlky  jukes 
of  certain  tropical  trees. 

Caoutchouc  poais^ses  high  powers  of  electric 
insulation,  and  is  used  either  pure  or  combined 
with  sulphur. 

Cap,  Insulator —A  covering  or  cap 

placed  some  distance  above  an  insulator,  but 
separated  from  it  by  an  air  space. 

Insulator  caps  are  intended  lor  protection  of  the 
insulators  from  injury  by  the  throwing  of  stones 
or  other  malicious  acts*  Insulator  caps  are  gen- 
erally made  of  iron.  They  are  highly  objection* 
ablCf  owing  to  the  faciKty  they  offer  for  the  ac* 
cumulation  of  dust  and  dirL 

CafNuity,   Atomle ^The    quantiva* 

Icnce  or  valency  of  an  atom,  ^^Sec  At  ami' 
€ity.) 

Caiiaelty,  Bleletlrle A  term  em- 
ployed in  the  same  sense  as  specific  inductive 
capacity.    (See  Capacity,  Specific  Inductitti^ 

Capacity,    ElLH;tr«>-Djnam!c    ^A 

term  formerly  employed  by  Sir  William 
Thomson  for  self-induction,  (See  Induction^ 
Self,) 

Capacity,  Electrostatic *  —The  quan- 
tity of  electricity  which  must  be  {mparted  to  a 
given  body  or  conductor  as  acharge«  ia  order 
to  raise  its  potential  a  certain  amount,  (See 
Foientiai,  Electric^ 

The  electrostatic  capacity  of  a  conductor  is  not 
unlike  the  capacity  of  a  vessel  filled  wi^  a  liquid 
or  gas.  A  certain  quantity  of  liquid  will  fill  a 
given  vessel  to  a  level  dependent  on  the  die  or 
capacity  of  the  vessel.  In  the  same  manner  a 
given  quantity  of  electricity  will  produce,  in  a 
conductor  or  condenser,  a  cert:un  difference  of 
electric  level,  or  difFercncc  of  potential,  dependent 
on  the  electrical  capacity  of  the  conductor  or 
condenser. 

Or,  taking  the  analogous  case  of  a  gas-light 
vessel,  the  quantity  of  gas  that  can  be  forced  into 
such  a  vcsssl  depends  on  the  siic  of  the  vessel 
and  tlic  pressure  with  which  it  is  forced  in,  A 
tension  or  prcisure  Is  thus  produced  by  the  gas 
on  the  walls  of  the  vessel,  which  fa  greater  the 
smaller  the  me  of  the  Tessel  and  the  greater  the 
quantity  of  gas  forced  In. 

In  the  same  manner*  the  smaller  tbe  capaM:lt9 
of  a  conductor,  the  smaller  ia  the  charge  required 


Cap.] 

»  raise  it  to  a  given  potential,  or  tlie  higher  the 
potentiat  a  given  charge  wilt  raise  it. 

The  capacity  K,  of  a  conductor  or  condenser, 
la  therefore  directly  proportional  to  the  charge  Q, 
and  inversely  proportional  to  the  potential  V;  pr, 

V 

From  which  we  obtain  Q  =  KV;  ^r, 

Tht  quantity  0/  iif^ctrkity  required  t&  ckargg  a 
(0ndnitor  or  cotuUns^r  to  a  givat  potential  is 
fquai  to  thi  capacity  of  the  conductor  or  condenser 
mnltiplied  by  the  potmtial  through  which  it  is 
raised. 

Capacity,  Electrostatic,  Unit  of 

Such  a  capacity  of  a  conductor  or  condenser 
that  an  electromotive  force  of  one  volt  will 
charge  it  with  a  quantity  of  electricity  equal 
to  one  coulomb* 

The  farad.     (See  Farad.) 

Capacity  of  Cable,— {S^e  CoMe,  Capaciiy 

of) 

Capacity  of  Condenser,^ (See  Condenser^ 
Capacity  0/,) 

Capacity  of  Leydeu  Jan— (See  J<ir, 
Leyden,  Capaaiy  &/,) 

Capacity  of  Llae.— (See  Line,  Capacity 

of) 

Capacity  of  Polarisation  of  a  Toltalc 
Cell.— (See  CV//,  Voltaic Xi^pntuty  of  Polar- 
isatim  a/,) 

Capacity,  Safe  Carr)  tag,  of  a  Condactor 
-^—  — ^The  maximum  electric  current  the 
conductor  will  carry  without  becoming  unduly 
beated. 

Capacity,     Specitli;     Inductive 

The  ability  of  a  dielectric  to  permit  induction 
to  take  place  through  its  mass^  as  compared 
with  the  ability  possessed  by  a  mass  of  air  of 
the  same  dimensions  and  thickness,  under 
precisely  similar  conditions. 

The  relative  power  of  bodies  for  trans- 
mitting electrostatic  stresses  and  strains 
analogous  to  permeability  in  metals. 

The  ratio  of  the  capacity  of  a  condenser 
whose  coatings  are  separated  by  a  dielectric 
of  a  given  substance  to  the  capacity  of  a 
similar  condenser  whose  plates  arc  \ 


The  inductive  capacity  of  a  dielectric  is  com- 
pared with  that  of  air. 

According  to  Gordon  and  others,  the  speci6c 
Inductive  capacities  of  a  few  substances,  com- 
pared with  air,  are  as  follows; 

Air*.,.. «««......*.l.oo 

Glasa 1.013  to 5«25S 

Shellac, 2,740 

Sulphur ,,.,...2.580 

Gutta-percha 2.462 

Ebonite • 2.284 

India-rubber.  ...«...*..  .2.220  to  2.497 

Turpentine... 2,160 

Petroleum 2.030  to  2.070 

Paraffin  (solid) 1. 994 

Carlson  bisulphide i.Sio 

Carbonic  add 1,00036 

Hydrogen 0,99967 

Vacuum 0.99941 

Faraday,  who  proposed  the  term  specific  in* 
diictivt  capacity,  employed  in  his  experiments  a 
condenser  consisting  of  a  metallic  sphere  A,  Fig. 
99,  placed  inside  a  large  j 

hollow  sphere  B. 

The  concentric  space 
between  A  and  B  was  filled 
with  the  substance  whose 
specific  inductive  capacity 
was  to  be  determined. 

Capaeity,  Specific 
Magnetic A  term 

sometimes  employed  in 
the  sense  of  magnetic 
permeability. 

Conductibility  for  lines 
of  magnetic  force  in  the 
same  sense  that  specific 
inductive  capacity  is  con-  fflmMH 

ductibility  for  lines  of 
electrostatic  force. 

This  term  has  received  ^  — ^^^ — _ 

the  name  of  specific  mag-  ^'^  ^9.  c«.i^,rr. 
netic  capacity  in  order  to  distinguish  it  from  specific 
inductive  capacity.  The  velocity  of  propagation 
of  wavra  in  any  clastic  medium  is  proportional  to 
the  quotient  obtained  by  extracting  the  square 
root  of  the  elasticity  of  the  medium  divided  by 
the  square  root  of  its  density:  or, 


75 


[Car. 


SimiUrly,  the  spcctl  with  whfcli  inductive  waves 
txavd  depends  on  the  reUtion  between  the  elas- 

ticity  smd  tbc  density  of  the  medium.    Calling  ^^^ 

Irk  elastidtyt  then  its  reciprocal,  K,  corre- 
witK  the  dielectric  capacity.    The  elec- 
1  density,  /i,  corresponds  with  the  magnetic 
permeability.    The  velocity  of  wave  transmission 
ii  therefore. 
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capacity,  8t4>ri^^  ofSecondary  Cell 

l-^  (See  Cf//,  Secondary  or  Storage^  Capa- 

ity  of.) 

CftpillaHty. — The  elevation  or  depression 

|o[  liquids  in  tubes  of  small  internal  diameter. 

The  liquid  is  elevated  when  it  wets  the  walk, 

axid  depressed  when  it  does  not  wet  the  waUs  of 

the  tube. 

The  phenomena  of  capillarity  are  due  to  the 
siutual  attractions  existing  between   the   mole* 
Icules   of  Ihe  liquid  for  one  another,   and    the 
(toutual  attraction  between  the  molecules  of  the 
quid  and  those  oi  the  walls  of  the  tube. 

capillarity,    therefore,    the  approximately 

¥cl  sur&ce  caused  by  the  equal  attraction  of  all 

Dteculcs  towards  the  earth's  centre  is  dis^ 

t  by  the  unequal  attraction  exerted  on  each 

:  by  the  walls  ot  the  tube  and  by  tlie  re- 

Dg  molccutei. 

Capffnarltj,  HfTects  of,  on  Toltaic  Cell 
^-^— Effects  caused  by  capillary  action 
U'Hch  disturb  the  proper  action  of  a  voltaic 
cc!L 

T1><9e  effects  ire  as  follows; 

(i.)  Creeping,  or  efflorescence  of  salts.     (See 

'er/tmg,  Eitvtrk^     E^arescfme.) 

(2,)  Ouidation  of  contacts  and  consequent  in 
action  ot  increased  resistance  into  the  battery 

trcuit  The  liquid  enters  the  capillary  spaces 
between  t!ic  contact  surfaces  and  oxidUes  them. 

CapnUrj. — Oi  a  small  or  hair-like  diame- 
ter Of  stie, 

A  capillary  tnt>e  is  a  tube  of  small  bair-Uke  di> 
■aietcr*     (See  Ca/t7/arif}\) 

Oi^lllafir  Attraction.— (See  Attraction, 
C^^'ihry\ 


Capniary  Coiilaet-Koy.— (Sec  AVk*  Cap- 

iiiary  Contact.) 

fa|iilliirj  EkH*tronii*t<*r.— (Sec  Electrom- 
eter^ Captllaty,) 

€arboiL—An  elementary  substance  which 
occurs  naturally  in  thrte  distinct  allotropic 
forms,  viz,:  charcoal,  graphite  and  the  dia- 
mond,    (See  A  Hot  ropy,) 

Carbon-BriLshos   for  Electric  Motors,— 

(Sec  Brushes,  Carbon,  for  Elect nc  Motors.) 

Carbun  Button,— (See  Button^  Cardon,) 

Carbun-Clnteli  or  Clump  of  Are  I^iiip, 
—  (See  Clutch,  Carbon,  of  Arc  Lamp,) 

CarlMiii-EleetrodeK  f«*r  ,4 re  Lamps,— (See 
Electrodes,  Carbon^  for  Arc  Lamps.) 

Carbon 'Holders  for  Arc  Lamps,— (See 
Holders,  Carbon^  for  Arc  Lamps,) 

Carbon  Point?*,— (See  Points,  Carboft.) 

Carbon  Transmitter  for  Telep honest. — 
(See  Transmitter,  Carbon,  far  Telephones?^ 

Carbonic  Acid  Oas,— (See  Gas^  Carbonic 
Acid.) 

Carbon in^  Lamps. — (See  Lamps,  Carbon- 

Carbon izable. — Capable  of  being  carbon- 
ized     (See  Carbonization^  Processes  of,) 

Carbonbatlou.— The  act  of  carbonizing 
(See  Carbonisation,  Processes  of,) 

Cari»onlzaf!on,      Proccsws    of 

Means  for  carbonizing  materiaL 

The  carbonizable  material  is  placed  in  suitably 
shaped  boxes,  covered  with  powdered  plumbago 
or  lamp-blackt  and  subjected  to  the  prolonged 
action  ot  intense  heat  while  out  of  contact  with 
air. 

The  electrical  conducting  power  of  the  carbon 
which  results  from  this  process  is  increased  by  the 
action  ot  the  heat^  and,  probably,  also,  by  the  de- 
posit in  the  mass,  ot  carl>on  resulting  from  the 
subsequent  decomposition  of  the  hydro-carbon 
gases  produced  during  carbonization. 

When  the  carbonixation  is  for  the  purpose  of 
producing  conductors  for  incandescent  lamps,  in 
order  to  obtain  the  uniformity  of  conducting, 
power,  electrical  homogeneity,  purity  and  high 
rc( factory  power  requisite,  selected  fibrous  ma- 
tcrial|  cut  or  shaped  in  at  least  one  dimenstoo 


prior  hi  cftrbooixatiofi,  miut  be  taken,  and  sub« 
jectcd  to  as  nearly  uniform  carbonuation  as  pot- 
si  blc. 

Cur  lionize. — To  reduce  a  carbonizable  ina- 
tcrial    to  carbon.     (See  Car^misa/itm,  Fro* 

cfsses  of^ 

CarlKinixcd  Cloth  Discs  for  Iti^h  lieslst* 
ancoH. — (See   Cloth   Discs  Carkamined^  fer 

High  Rtii stances, ) 

CArb4)ttlxer.— Any  apparatus  suitable  fof 

reducing  carbonizable  inatcnal  to  carbon* 

CttrUoiilziEp.— Subjecting  a  carboniiablc 
substance  to  the  process  of  caibonization. 
(See  CarhgHi3aiiofit  Processes  cj,) 

CarlMin.^  Arttflriml  ~ Carbons  ob- 
tained by  the  carbonization  of  a  mixture  of 
pulverized  carbon  with  dilTercnt  carbonbabte 
liquids> 

Powdered  coke,  or  gas- retort  carbon,  some* 
times  mixed  with  lamp-black  or  charcoal^  is  made 
into  a  stiff  dough  with  mulasses,  tar,  or  any  other 
hydro*carbon  liquid.  The  mixture  is  molded 
into  rods,  pencils,  plates,  bars  or  other  desired 
shapes  by  the  pressure  ol  a  powerful  hydraulic 
press.  After  drying,  the  carbons  are  placed  in 
crucibles  and  covered  with  lamp-black  or  pow- 
dered plumbago,  and  rai.*cd  to  an  intense  heat  at 
which  they  are  maintained  for  several  hours.  By 
the  carbonixation  of  the  hydro-carbon  liquids,  the 
carbon  pa^te  becomes  strongly  coherent,  and  by 
the  acboa  ol  the  heat  its  conducting  power  in- 
creases. 

To  give  increased  density  after  baking,  the 
carbons  are  sometimes  soaked  in  a  hydro-carbon 
liquid,  and  subjcctcil  to  a  re-baking.  This  may 
be  repeated  a  number  of  times. 

Carhons,  Confentrlf-Cylhidrical 

A  cylindrical  rod  of  carbon  placed  rn&ide  a  hol- 
low cylinder  of  carbon  but  se|)arated  from  it 
by  an  air  space,  or  by  some  other  insulating, 
refractory  material. 

Jablochkoff  candles  sometimes  arc  made  with  a 
solid  cylindrical  electrode,  concentrically  placed 
in  a  hoUow  cylindrical  carbon* 

Carbonii,  C4>red A  c\1mdrical  carbon 

electrode  for  an  arc  lamp  that  is  molded 
around  a  central  core  of  charcoal,  or  other 
solter  carbon* 


[Cv. 

Much  of  the  unsteadiness  of  the  arc  light  is  due 
to  changes  in  the  position  of  the  arc*  Cored  car- 
bons^  it  is  claimed,  render  the  arc  light  steadier, 
by  maintaining  the  arc  always  at  the  softer  cartioii 
and  bence  at  the  central  point  of  the  electrode. 

A  cote  of  harder  carbon,  or  other  refractory 
material,  is  sometimes  provided  for  the  negative 
carbon. 

Carbons,  Flashed ^Carbons  which 

have  been  subjected  to  the  flashing  pro- 
cess.    (Sec  Cottons,  Flashing  Process /or,) 

Carbons^  Flashing  Proeeae  for A 

process  for  improving  the  electrical  uniformity 
of  the  carbon  conductors  employed  in  in- 
candescent lighting,  by  the  deposition  of  car- 
bon in  their  pores,  and  over  their  surfaces  at 
those  places  where  the  electric  re^tance  is 
relatively  great. 

The  carbon  conductor  or  filament  is  placed  in 
a  vessel  filled  with  the  vapor  of  a  hyd; 
liquid  called  rhigolene,  or  any  other  readfly 
composable  hydrocarbon  liquid,  and  gradually 
raised  to  electric  incandescence  by  the  passage 
through  it  of  an  electric  current  A  decompod- 
tion  of  the  hydrocarbon  vapor  occurs,  the  car- 
bon rebuking  therefrom  being  deported  in  ami  tm 
the  conductor* 

As  the  current  Is  gradually  tncreuedi  the 
I>art3  of  the  conductor  first  rendered  incandes- 
cent are  the  places  where  the  dectric  resi*<t- 
ance  is  the  highest,  these  parts,  tht-refore,  and 
practically  these  parts  only,  receive  the  depoart 
of  carbon.  As  the  current  m creases,  other 
portions  become  successively  incandescent  and 
receive  a  deposit  of  carbon,  until  at  last  the 
filament  glows  with  a  uniform  briUiancv,  ju- 
dicative ol  its  electric  homogeneity, 

A  carbon  whose  resistance  varies  oonilderabtf 
at  difierent  parts  could  not  he  soececifitlly  em* 
ployed  in  an  incandescent  lamp,  since  If  healed 
by  «  current  sutftdently  great  to  render  tlie  points 
of  comparatively  small  resistance  saltsfactorily 
Incandescent,  the  eemprrature  of  the  pohits  of 
high  resistance  would  be  such  as  to  lower  the  li^ 
of  the  lamp,  while  it  only  those  portions  were 
safely  heated,  the  lamp  would  not  be  economCcah 
The  flashing  process  is  therefore  of  very  great 
value  in  the  manufacture  of  an  incandescent 
lamp. 

The  name  »*  flashing  *'  was  applied  to  the  pro- 
cess  by  reason  of  the  flashing  light  emitted  by  the 
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csrbom  when  they  htvc  licoi  sut&cienlly  treated. 
The  process  reqtiires  so  little  time  that  the  dull  red 
which  first  mp|>cari  soon  Bashes  to  the  full  lumin- 
tmtf  required. 

The  term  '♦flashing"  is  sometimes  applied  to 
Hie  electrical  heating  to  incatidesceDcc,  while  the 
^rbons  arc  in  the  lamp  chamberss  and  on  the 
piiAipe*  Thi&  flashing  is  kir  Oic  purpose  of 
driving  off  all  the  g^scs  occluded  by  the  carbon, 
»  that  these  ^ses  may  Ijc  carried  off  by  the 
opcjatian  of  pumping.  This  process  is  more 
properly  called  the  process  for  driving  off  the 
ocdiided  gases. 

The  carlKins  are  sometimes  flashed  in  the  liquid 
ibdf  instead  of  in  its  vapor. 

CArtooJk  Fap4»r Carbons,  of  textile 

or  fibrous  origin,  obtained  from  the  carboniza- 
taoo  of  pftper. 

Ths  carbonieation  of  paper  is  readily  effected 
hytobmitting  the  paper  to  the  prolonged  action 
<tf  a  high  temperature  while  out  of  contact  with 
air. 

For  tM%  purpose  the  paper  ts  packed  in  retorts 
or  crucibles,  and  covered  with  lamp-black,  or 
pofiercd  pittiihaga,  in  order  to  exclude  the  air. 

Since  paper  oonfitis  of  a  plane  of  material  uni- 
ifirmly  iHm  in  one  direction,  formed  almost  en- 
tSr^f  of  thrfs  of  pure  cellulose,  the  greatest 
lag^  ol  which  extends  in  a  direction  neaily  par- 
altd  to  that  in  which  the  paper  13  unifarmly  thin, 
il  is  dear  that  sheets  of  tlits  substance,  when  car. 
i,  sh'tuld  yield  flexible  carbons  of  unusual 
and  electrical  homogeneity,  since  such 
I  arc  Structural  in  character,  and  are  uni- 
iKflilf  affected  by  the  heat  of  carbonization  to  an 
eateot  tluit  would  be  imposdble  by  thecarboniza- 
tloaof  aoj  material  in  a  mass. 

Otrwuf  of  Dynamo-Electric  M^achlnp*— 
(See  MmcktfUt  Dynamo^EUctric^  Carcase  qf,) 

CM'eoi— The  French  unit  of  iig:ht.  The 
^ghl  Ttni^tH  by  a  Ump  burning  42  grammes 
of  pttre  ocAea  oil  per  hour,  with  a  Hame  40 
afliiiictfcs  tn  height. 

Us  bop-cvoit  Onecarod  =^9,5  to9.dstand- 
anlc■adles. 

Care^l  tamp,— {Sec  Lamp,  CarcaL) 

Cbfval  maniliird  Gas  let.^See/c'A  Gas, 

OvC  GoaiiHua »A  card  used  \n  the 

'*s  compass,  on  which  are  marked  the 


four  cardinal  i>oints  of  the  compass  N,  S,  E 
and  W,  and  these  again  divided  into  thirty- 
two  points  called  Rhumbs,  (See  Compass, 
Asimuth,) 

Cardeif  Toltmot^r.  —  (S^e  V&iimeler^ 
Car  dew,) 

Carrio^,  Pen —The  carriage  in  an 

electric  chronograph  which  holds  the  pen  and 
moves  over  llie  sheet  of  pa|ier  on  which  the 
record  is  made.  (Sec  Chranograpk^  Ei^c^ 
trie) 

Carrlen*  of  R^pleulgli^r,— (See  RepUfi^ 
isker.  Carriers  of,) 

Caaettde,  Cliar^inir  Leydett  Jar«(  hy 

— A  method  of  charging  jars  or  condensers 
by  means  of  the  free  electricity  liberated  by 
induction  from  one  coating,  when  a  chaise  is 
passed  into  the  other  coating* 

The  jars  are  placed  as  shown  in  Fig.  100,  with 
the  inside  coating  of  the  first  jar  connected  with 
the  outside  coating  of  tl»e  one  next  it.    There  is  m 


Fil*  too,    Ctuc0^r  Chargi»(^  tf  Ltydfm  yari, 

rcaUty  no  increase  in  the  entire  charge  obtained 
in  charging  by  cascade,  since  the  lum  of  the 
charges  given  to  the  separate  jars  is  equal  to 
the  same  charge  given  to  a  singlt  jar  separately 
charged. 

The  energy  of  the  discharge  in  cascade  can  be 
shown  to  be  Ic5«s  than  that  of  the  same  charge 
when  confined  to  a  single  |ar.  This  i*  of  course 
to  be  expected,  since  it  is  energy  that  ««  charged 
in  the  jar  and  not  electricity,  and,  of  course,  the 
energy  charged  in  the  jar  can  never  exceed  the 
energy  employed  in  charging  the  jar.  There  is 
a  small  loss  for  each  jar,  and  this  increases  ne* 
ceasarily  with  eacli  jar  added. 

Cascade,  Conuection  of  Electric  Sonrce** 

la  — —  —A  term  sometimes  used  for  scrica* 
connection  of  eiectric  sources. 

The  term  series  cotmectigii  is  the  pirfifrabte 
one.     (^ee  C&muiti&n^  Series. ^ 

Ca^e-IIardeuIng,  Electric ^Super- 
ficially converting  a  piece  of  wir^e  into  steel 
by  electrically  procldced  heat. 
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In  electric  case-hardening,  the  superficial  layers 
of  a  piece  of  iron  are  converted  into  steel  by 
electrically  heating  the  same,  while  surrounded 
by  a  layer  of  case-hardening  flux  and  carbonaceous 
substances  such  a^  animal  charcoa!|  shavings  of 
horn,  leather  cuttings  or  other  similar  substances. 

In  the  case  of  a  readily  oxidizable  metal  like 
Iron,  oxidation  is  prevented  by  surrounding  the 
metal  by  a  hydrocarbon  gas,  which,  when  suffi- 
ciently heated,  deposits  on  the  surfaces  a  pro- 
tective coating  of  carbon.  This  layer  of  carbon 
gra^iually  carbonizes  the  iron. 

Case  Wiring,— (See  Wiring,  Case.) 

Catiiplioresls*— A  term  sometimes  em- 
ployed in  place  of  electric  osmose.  (See  Os' 
nwse,  Eieciric) 

The  word  cataphoresis  applies  to  the  cases  where 
medicinal  substances^  such  as  iodine,  cocoaine, 
quinine,  etc.,  are  caused  to  pass  through  organic 
tissues  in  the  direction  of  flow  of  an  electric  cur* 
rent,  or  from  the  anode  to  the  kathode.  This 
action  is  probably  due  to  an  electrolytic  action. 

Cataphoric  Action.— (See  Action^  Caia^ 

phoric^ 

t9Xt\  Safety Auire,  plate,  strip, 

or  box  of  readily  fusible  metal,  capable  of  con- 
ducting, without  fusing,  the  current  ordinarily 
employed  on  the  circuit,  but  which  fuses  and 
thus  breaks  the  circuit  on  the  passage  of  an 
abnormally  large  current. 

Safety  matches  are  generally  placed  on  multiple  • 
arc  and  multiple  series  circuits*       (See   fusf^ 

Catelectrotaniifi.— An  ortbography  sofne- 
times  applied  to  Katbelectrotonus.  (Sec 
Katlukctrotonus^ 

Cathetometer.— An  instrument  for  the  ac- 
curate measurement  of  vertical  height. 

The  cathetometer  consists  essentially  of  an 
accurately  divided  irerticat  rod  wbicb  carries  a 
sliding  support  for  a  telescope  Tbe  tdescope  is 
provided  with  two  spider  lines  at  right  angles  to 
one  another,  so  placed  as  to  be  seen  in  front  of 
the  object  whose  height  is  to  be  measured*  From 
observations  taken  in  difTerenl  positions,  the 
measuretneot  of  the  true  vertical  bdgbt  is  readily 
Qibtained, 

Catlilon.— A  term  sometimes  used  Instead 
Oi  Katliion. 


^lore  correctl)  ^^Titlen  Kaihion.  (See 
Kathion^ 

Ca  til  ode. — A  term  sometimes  used  instead 
of  Kathode, 

Catoptrics*— That  branch  of  optics  which 
treats  of  the  reflection  of  light, 

Caosty*  Oalvaiio A  term  some- 
times used  for  gaivano-cauteiy.  (See  Cautery, 
Gaivano,) 

Cauterization.— The  act  of  cauteriimg,  or 
burning  with  a  heated  solid  or  caustic  sub- 
stance, 

Cauti'rization,  Electric Subject- 
ing to  cauterization  by  means  of  a  wire  dec* 
trically  heated,    (See  CauUr^,  Electric.) 

Cauterize,— To  subject  to  cauterization,  or 
burning  with  a  heated  solid  or  caustic  sub- 
stance, 

Canterizer,  Electric  —  — A  term  some- 
times applied  to   an  electric  cauter>'.     (See, 
Cautery,  Electric*) 

Cantery,  Actual  —^— A  burning  or  seai^] 

ing  with  a  white-hot  metal. 

Cautery  Buttery.— (See  ri//«7,  Cauiery,) 

Cautery,  Electric  — ^  —An  instrument 
used  for  electric  cauterization. 

in  electro-therapeutics,  the  application  o^ 
variously  shaped  platinum  wires  heated  to  in-^ 
candescence  by  the  electric  current  in  place" 
of  a  knife,  for  removing  diseased  growttis,  ot 
for  stopping  hemorrhages. 

The  operation,  though  painful  during  applica^ 
tlon,  is  afterward  less  painful  than  that  with  a 
knife^  since  secondary  hemorrhage  seldom  oocuis 
and  tbe  wound  rapidly  heals. 

Electric  cautery  Is  applicable  in  cases  where 
the  knife  would  be  Inadmissible  owing  to  the 
situation  of  the  parts  or  their  surroundings. 

Cantery,  GidTana  —  —A    term  fre- 
quently employed  in  place  ol  dectric  cautci 
(See  Cautery,  Electric) 

Cantery,   OolTano  Eleotrte  -- 
electric  cautery.    (See  Cautery,  Electric^ 

Cautery,   ClalTano    Thermal A 

term  sometimes  used  for  an  dectric  cam 
(See  Cautery^  Eiectrie:\ 
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QmnitTf,    Tkermal —A     cautery 

heated  by  heat  other  than  that  of  electric  ori* 

gm.  asdistmguishetl  from  an  electric  cautery 

(Sec  Cautery  EUctric.) 
Celling  Base.— (See  Rose,  Ceiling.) 

Olt  Ue|M>.sUiiier —An    electrolytic 

m  which  an  electro-metallurgical  deposit  is 
tde      (Sec  Mttallurgy.  Electro,) 
CHK  Electrolytic A  cell  or  vessel 

oontaining  an  electrolyte,  in  which  electrolysis 

IS  earned  on 
An  electrolytic  cell  i^  called  a  volttimitir  wTien 

the  value  of  the  current  passing  is  deduced  from 

the  veight  of  the  metal  deposited. 

Cell,  Impol&ion  — A  photo-eleclric 

cell  whose  sensitiveness  to  light  may  be  re- 
stored or  destroyed  by  slight  impulses  given 
to  ihc  plates,  such  as  by  blows  or  iaps»  or  elec- 
tn>-magnelic  impulses 

Kvk  impulsion  cell  may  be  prepared  by  pasting 
pieces  of  tin- foil,  the  opposite  faces  of  which  are 
respectively  polished  and  dull,  on  the  opposite 
bcei  of  a  plate  of  glass,  so  as  to  expose  dissimi* 
lir  tides  to  the  bght,  when  the  cells  are  dipped 
ia  ilcoliol 

Cell,  Fliotu-Eleetric  —A  cell  capa- 
ble of  producing  differences  of  potential 
when  its  opposite  faces  are  unequally  exposed 
to  r^dtant  energy. 

PliolO' voltaic  cells  are  made  in  a  variety  of 
lomSr  both  with  selenium  and  with  different  me- 
laltk  Mbitances.     (See  Cdi,  Seitnium.) 

Cell*  Porens A  jar  of  unglazed 

earthenware,  employed  in  double-fluid  voltaic 
celts^  to  keep  the  two  liquids  separated. 

The  use  of  a  porous  cell  nrcessanly  increases 
the  tnlemal  resistance  of  the  cellf  from  the  de- 
CfCMcit  produces  in  the  area  of  cro«a  section  of 
ifttid  between  Ihc  two  elements.  When  the  bat 
Wrf  £•  dismantled^  the  porous  cells  should  be 
l<pt  umlei-  water,  otherwise  the  crystallization  of 
the  tmc  lulphate  or  other  salt  is  apt  to  produce 
<«riuu^  exfoliation,  or  scaling  off,  or  even  to 
cntmV4e  the  porotis  cell. 

A  porotts  cell  ia  jometimes  called  a  Mapkragm^ 
^t  only  properly  so  when  the  cell  is  reduced  to 
a  tingle  ieparatiog  plate*    (See  C^ii,  y&iiak,) 


OH.  S<N*andary A  term  sometimes 

used  instead  of  storage  cell. 

The  term  secondary  cell  is  used .  in  contradis- 
tinction to  pninary  or  voltaic  celL 

CeU,  Seeondiirj'  or  Stnragr**,  Boiling  of 

A   term   sometimes    applied   to   the 

gassing  of  a  storage  cell  (See  Ce/i^  Stm'oge, 
Gassing  o/,) 

Cell,  Secondary  or  Storage,  Cflpacitj  of 

The  product  of  the  current  in  am- 
peres, by  the  number  of  hours  the  battery  is 
capable  of  funiishing  said  current,  when 
iully  charged  until  exhausted. 

The  capacity  of  storage  cells  is  given  in  ampere- 
hours.  A  storage  battery  with  a  capacity  of  1,000 
ampere  hours  can  furnish,  say  a  current  of  fifty 
ampdrcs  for  twenty  hours,  or  a  current  of  one 
hundred  amperes  for  ten  hours,  or  a  current  of 
twenty  five  amperes  for  forty  hours. 

Cell.  Secondary  or  Storage,  (lunsing  of 

— —  —An  escape  of  gas  due  to  the  decom- 
position of  water  on  passage  of  too  strong  a 
charging  current. 

Cell,  Secondary  or  Storage,  Renovation 

of —The   revivifying  or  recharging  of  a 

run-down,  or  discharged  storage  cell. 

Cell,  Secondary  or  Storage,  Time-Fall 

of    Electroinolive    Force    of — (See 

Farce  FMcfrimtotii'e  qf  Secondary  or 
Storage  Ceil,  Time-FalL  of.) 

Cell,  Secondary  or  Storage,  Tlnic-RLne 

of    Electromotive    Force    of (See 

Force,  Electromoiive  of.  Secondary  or 
Stdtage  Cell,   Time^Rise^  of.) 

Cell,    SeleniniJi A  cell    consisting 

of  a  mass  of  selenium  fused  in  between  two 
conducting  wires  or  electrodes  of  platinized 
silver  or  other  suitable  metal, 

A  convenient  manner  of  forming  a  selenium 
cell  is  to  wind  two  separate  spirals  of  platinized 
silver  wire  around  a  cylinder  of  hard  wood,  tak- 
ing care  to  maintain  them  a  constant  distance 
apart,  so  as  to  avoid  contact  between  them.  The 
space  between  these  wires  is  filled  with  fused  sele- 
nium, which  is  allowed  to  cool  gradually. 

Exposure  to  sunlight  reduces  the  resistance  of 
a  selenium  cell  to  about  one- half  its  rcsistanco  iu 
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the  dark,  but  neither  theresislance  nor  the  reduc- 
tion ratio  long  reniams  constant- 

A  selenium  cell  produces  a  diRcarcncc  of  poten^ 
tial,  or  clectromoLivc  force,  when  one  oi  lU  elec- 
trode faces  IS  exposed  to  ligbt,  wrhiie  tlie  other  is 
kept  in  darkness. 

According  to  Von  l^ljanin,  vrho  experiroented 
with  selenium  mdtcd  in  between  two  parallei 
platinized  plates,  cooled  unfWr  pressure,  and  then 
reduced  from  the  amorphous  to  tlie  sensitive  crys- 
talline  variety  by  gradual  cooling  alter  two  or 
three  heatings  in  a  paraffme  bath  up  to  195  de- 
grees, the  following  peculiarities  were  observed; 

(I.)  Exposure  of  one  of  the  electrodes  to  san- 
light  produced  as  electromotive  force  which 
causes  a  current  to  flow  iiom  tbc  dark  to  the 
illumined  dcclrodc- 

(2.)  The  maximum  electromotive  force  was 
0,12  volt. 

(3.)  The  electromotive  force  disappeared  instan- 
taneously and  completely  on  Lhe  darkouDg  of  the 
elecirodcs. 

{4.)  A  slight  difference  in  the  dectromotJve 
force  was  obacrvcd  when  the  positive  and  nega- 
tive electrodes  were  alter nalelj  exposed  to  the 
light*  the  maximum  electro luotive  force  being 
attained  by  the  exposure  of  the  negative  electrode. 
(5,}  If  both  electrodes  are  similarly  illumined 
the  resulting  current  strength  is  decreased  and 
may  reach  zero. 

(6.)  The  action  of  bght  is  instantaneout. 
(7*)  Most  of  the  scleniuin  cdk  experimented 
with  exhibited  an  electromotive  force  of  polaritt- 
tion. 

(S*)  The  electromotive  force  of  polonratton  is 
diminished  by  exposure  to  light. 

(9.)  The  electrical  rcsistiace  mitd  sefidtive- 
IICS5  to  bght  as  regards  the  {vrodiiction  of  an 
electromotive  force  decrease  with  time.  This 
is  probably  due  to  a  gradual  change  in  the  allo- 
tropic  state  of  the  selenium.  (Sec  Sfa/r,  Aih- 
tropi<* ) 

( 10. )  The  electromotive  force  produced  is  pro- 
portional to  the  intensity  of  the  illumination  only 
when  the  obscure  rays  or  heat  rays  are  absent, 

(II,)  Of  different  wave  lengths  the  orange-yel- 
low rays  in  the  diffraction  spectrum,  and  the 
greenish -yellow  in  the  prisaiatic  ^^lectrUEn  pro- 
duced the  greatest  effect. 

Among  some  at  the  ncre  receot  applications 
of  selenium  cells  are  the  ibttowixig^: 

(I.)  A  sdenium  cell  is  so  placed  In  a  circuit 
oontauung  an  dectro-magnet  and  switch,  that  on 


one  of  Its  electrorles  bdng  ex  poised  to  the  de- 
creased iHummation  of  coming  night  it  atil<Mnae> 
ic^lly  turns  on  an  electric  lamp,  and,  c^Mtvcrsdy, 
on  the  approach  of  daylight,  and  the  comequent 
illitmination  of  the  electrode,  tunis  it  off, 

{2.)  A  device  wlicreby  the  pre*encc  of  light, 
as  for  example  that  carried  by  a  burglar,  ivuto- 
matically  rings  an  alarm  and  thus  caOs  the  attcn 
tion  of  the  watchmao  of  the  building. 

f^ll,  SUmdard —(See  Ceii^  Vokai: 

StandatiL) 

CeU,  Storagre  —  —Two  relatively  inen 
plates  of  metal,  or  of  metallic  compounds 
immersed  in  an  electrolyte  mcapable  of  acting 
considet^bly  on  them  until  after  an  electric 
current  has  been  passed  through  the  liqmd 
from  one  plate  to  the  other  and  has  changed 
thcif  chemical  relations, 

A  single  one  of  the  cells  required  to  fonn 
a  secondary  battery. 

Sometimes,  the  jar  cocitaining  a  ^Qgle  cell 
is  called  a  storage  cell. 

This  latter  use  of  the  word  is  objectionable, 

A  storage  cell  i>  also  called  a-iaccumulati.*r. 

On  the  passage  of  an  electric  current  through 
the  electrolyte,  its  decomposition  is  effected  and 
the  electro-positive  and  electronegative  radicali 
are  deposited  on  the  plates,  or  unite  with  them* 
so  that  on  the  cessation  of  the  chan^ng  current,, 
there  remains  a  voltaic  cdl  capable  of  get>eratlii£ 
an  electric  current* 

A  storage  ceil  \s  charged  by  thepaoage  cKfOugll 
the  liquid  from  one  plate  to  the  other  of  an  elec^ 
trie  current,  derived  from  any  external  simrccL 
The  cAarj^ittg  eurrtnt  produces  an  etecircilytic  de- 
composition   of   the    inert    liquid    between   the 
plates,  depositing  the  electro 'posith*e  mdUalj^  t 
kathhtis,  on  the  plate  connected  with  the  negati 
(erininal  of  the  source,  and  the  electro-negativa 
radicals,  or  am tms^  on  the  plate  connected  with' 
the  positive  terminal. 

On  the  cessation  of  the  charging  current,  andJ 
the  connection  of  the  charged  plates  by  a  con-rj 
ductor  outside  the  liquid,  a  current  is  produce 
which  flows   throiiph  the  lifjuid  from  the  pb 
covered  with  the  electro-positive  mdicalft,  to  1 
covered  with  the  electronegative  radJcats,  or i 
the  opposite  direcHem  to  tkmttf  the  ckarigi^^i 
rent. 

The  simplest  storage  celt  is  Plant€*5  cell,  which^l 
as  originally  constructed,  contistsof  two  plale»  < 
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in  dilute  sulphuric  acid,  H,SO^, 
Bigeof  ehector^g  curreut*  the  pUtcs 
ig,  loi.  dipped  in  H  jSO^,  are  covered 
f  with  le»d  peroxide,  PbO,,  and  findy 
9agf  lead*  The  peroiidc  is  formed  on 
I  pktc,  ai)d  the  metatlic  lead  on  the 
ftte.  The  acid  atid  water  should  have 
rmvitjr  of  About  r>  1 70.  When  the  cell 
rgrd  the  acid  solution  loses  its  clear* 
milky  in  appearance,  and  the 


HffiE^ 


r 
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vity  increases  to  1. 195.  This  increase 
ign  of  a  Ml  charge; 
e  charging  current  ceases  to  pass,  the 
rges  in  the  opposite  dtroction,  via,, 
K'^  that  is,  from  the  Epongy  lead  plate 
iKide  pkie  through  the  electrolyte,  a» 
Sfi.  101. 

ilt<Kf  this  discharging  current  the  pa*- 
^  on  A',  gives  up  one  of  its  atoms  of 
tbe  qjKHigy  lead  on  B',  thus  leaving 
\  coated  with  a  hytjr  of  PbO.  lead 
K^lithiirgc.  When  ihS^  change  is 
^prctcd,  the  cell  becomes  inert,  and 
r'Ao  further  current  until  again  charged 
age  of  a  current  ir^m  some  external 

to  iocrease  the  capacity  of  the  storage 
bus  prolong  the  time  of  their  discharge, 
;  of  lead  nKmcucide  thus  leil  on  each 
%  when  neutral,  i%  made  as  great  as 
*0  effect  this,  a  process  called '  'farming 
■  ia  employed,  which  consists  in  first 
he  pUtes  as  abcady  described,  and 
ing  the  direction  of  the  chaig:ing  cor^ 
indents  being  sent  through  the  cell  in 
oppostie  directions,  until  a  consider- 
of  the  lead  plates  has  beea  acted  oa. 
B  noticed  that  during  the  action  of  the 
irrcnt,  the  oxygen  is  transferred  from 
a  one  ^lati^  to  the  PbO,  on  the  olher 
Beaming  one  1%  and  the  other  PbO,; 
%  Msfkarpa^^  one  atom  of  oxygen  b 


transferred  from  the  PbO,,  to  the  Pb^  thus  leav- 
ing both  plates  covered  with  PbO*  In  reality 
this  is  but  the  6nal  result  of  the  action,  hydratcd 
sulphate  of  lead,  PbO.  H^SO^,  being  formed, 
and  subsequently  deccnnposcd*  Other  com- 
pounds  are  formed  that  arc  but  imperfectly  un- 
derstood. 

In  order  to  decrease  the  time  required  for  form- 
ing, accumulators^  or  8ccond7Ty  cells,  have  been 
constructed,  in  which  metallic  plates  covered  witly  ' 
rtd  Uad  PbjO^  replace  the  lead  plates  in  the^ 
original  PIant«  cell.  On  charging,  the  Pb^O^ 
is  peroxidizcd  at  the  anfiJe^  i,  «*.,  converted  tnin 
PbO  ft  and  deoxidized,  and  aubse<|uently  con^ 
verted  into  metallic  lead  at  the  kaihode.  Or,  in 
place  of  the  above  PbjO^,  red  lead  is  placed  on 
the  anode  and  PbO,  or  lithar^t  on  the  kathode. 

Plates  of  comprised  litharge  have  also  been 
recently  used  for  this  purpose.  Storage  cells  so 
formed  have  a  greater  storage  capacity  per  tmit 
weight  than  those  in  which  a  gnd  \%  employed, 
but  a  higher  resistance. 

In  all  cases  where  a  met^  plate  is  employed 
various  irregularities  of  surface  are  given  to  the 
plates,  in  order  to  increase  their  extent  of  surface 
and  to  afibrd  a  means  lor  preventing  the  separa* 
tion  of  the  coatings.  The  metallic  form  thus 
provided  is  known  technically  ^b  9. grid. 

Unless  care  i&  exercised,  the  plates  wtU  buckh 
from  the  difference  in  the  expansion  of  the  lead 
and  its  filling  of  oxide*  This  buckling  is  at  tended 
with  an  increase  in  the  resistance  of  the  cell  and 
the  gradual  separation  of  the  oxides  that  coirer  01 

fill  it. 

Cell,    Thermo-ElecWo A  name 

applied  to  a  thermo-electric  couple,  (See 
CoupUt  ThermO'Electric^ 


-The  combination  of 


Cell,  Toltalo  - 

\\H^  metals,  or  of  a  metal  and  a  metal loid« 
which,  when  dipped  into  a  Lquid  or  liquids 
called  electrolytes,  and  connected  outside  the 
liquid  or  liquids  by  a  conductor,  will  produce 
a  current  oif  electricity.  | 

Different  liquids  or  gases  may  take  the  place  of 
the  two  metals,  or  of  the  metal  and  metalloid* 
ISee  Baitay^  Cas,\ 

Plates  of  zinc  and  copper  dipped  Into  a  sola- 
tiOQ  of  sulphuric  acid  and  water,  and  connected 
outside  the  liquid  by  a  conductor,  form  a  simple 
voltaic  cclL 

If  the  zinc  be  of  ordinary  commercial  purit|^ 
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and  is  not  connected  outside  the  liquid  by  a  con- 
ductor, the  following  phenomena  occur: 

(I.)  The  sulphuric  add  or  hydrogen  sul- 
phate, HjSO^,  is  decomposed,  zinc  sulphate, 
ZnSO^,  being  formed,  and  hydrogen,  H^,  liber- 
ated. 

(2.)  The  hydrogen  is  hljerated  mainly  at  the 
surface  of  the  zinc  plate. 

(3.)  The  entire  mass  of  the  liquid  becomes 
heated, 

II,  however,  the  plates  are  connected  outside 
the  liquid  by  a  conductor  of  electricity,  then  the 
phenomena  change  and  areas  follows,  viz.: 

(i*)  The  sulphuric  acid  is  decomposed  as  be- 
fore ;  but, 

(2.)  The  hydrogen  is  liberated  at  the  surface  of 
the  copper  plate  only, 

(3,)  The  heat  no  longer  appears  in  the  liquid 
only^  but  in  all  parts  of  the  circuit. 

(4,)  An  electric  current  now  flows  through  the 
entire  circuit,  and  xtfili  avitinu^  so  to  Jit>w  as  long 
as  there  is  any  sulphuric  add  to  be  decomposed, 
and  zinc  with  which  to  form  zinc  sulphate. 

The  energy  which  preinously  appeared  as  heai 
tmty^  itmv  appears  in  part  as  dectric  energy. 

Therefore,  although  the  vasx^  contact  of  the 
two  metals  with  the  liquid  will  produce  a  diflTer- 
ence  of  potential,  it  is  the  ckemUai  potetiiial 
energy  which  became  kif$etic  during  chemical 
combination  that  supplies  the  energy  required  to 
maintain  the  electric  current.  (See  Energy ^ 
Altte/ic     Energy ^  Potential.) 

A  voltaic  cell  consists  of  two  plates  of  dififerent 
meUls,  or  of  a  metal  and  a  metalloid  (or  of  two 
gases,  or  two  liquids,  or  of  a  liquid  and  a  gas), 
each  of   which  is  called   a 
voltaic  element ^  and   which »  \ 
taken  together,  form  what  is 
called  a  voltaic  cottple. 

The  z*oltaic  couple  dv^  in- 
to a  liquid  called  an  electro- 
lyte^  which,  as  it  transmits 
the  electric  current,  is  de- 
composed by  it.  The  ele- 
ments are  connected  outside 
the  electrolyte  by  any  con- 
ducting material. 

Direction  of  the  Current, — In  any  voltaic  cell 
the  current  is  assumed  to  flow  through  the  liquid ^ 
from  the  metal  most  acted  on  to  the  metal  least 
acted  on,  and  outside  the  /i^md,  through  the  out- 
tide  circuit,  from  the  metal  least  acted  on  to  the 
metal  most  acted  on. 


Fi^.  10  J,    Valiaic 
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In  I^g.  103  a  zinc-copprr  voltaic  couple  1^ 
shown,  immersed  in  dilute  sulphuric  add.  Uert, 
since  the  zinc  is  dissolved  by  the  sulphuric  acid, 
the  zinc  is  positive,  and  the  copper  negative  in 
the  liquid.  The  zinc  and  copper  are  of  oppodte 
polarities  out  of  the  liquid* 

There  is  still  aconsideraWc  difference  of  opinion 
as  to  the  exact  cause  of  the  potential  difference  01 
the  voltaic  cell,  There  can  be  no  doubt  that  1 
true  contact  force  exists,  but  the  chemical  poten- 
tial energy  of  the  positive  plate  is  the  source 
of  energy  which  maintains  the  potential  differ- 
ence. 

The  difTerence  in  the  polarity  of  the  iinc  and 
copper  in  and  out  of  the  liquid  is  generally  dc 
nied  by  most  of  the  later  writers  on  electricity, 
since  tests  by  a  sunTicienily  delicate  electrometer 
show  that  the  entire  zinc  plate  is  negative  and 
the  entire  copper  plate  positive.  Remembering, 
however,  the  convention  as  to  the  direction  ol 
the  flow  of  the  current,  since  the  current  flo 
from  the  linc  to  the  copper  through  the  liquid 
we  may  still  fairly  regard  the  zinc  as  positive  a 
the  copper  as  negative  in  the  liquid.  It  will  he 
remembered,  that  in  every  source  the  polaritjg 
within  the  source  is  necessarily  opposite  to  th 
polarity  outside  it.  The  copper  plate  is  then 
fare  called  the  negative  plate^  and  the  wire  coa 
nectcd  to  its  end  out  of  the  liquid,  the  positi% 
electrode.  Similarly,  the  zinc  plate  is  called  th 
positive  plate,  and  the  wire  connected  to  it  the 
negative  electrode. 

It  will  of  course  be  understood  that  in  the 
above  sketch  the  current  flows  only  on  the  com- 
pletion of  the  circuit  outside  the  cell;  that 
when  the  conductors  attached  to  the  zinc  an 
copper  plates  are  electrically  connected. 

Amalgttmation  of  the  Zinc  Plate ^ — When  zin 
is  used  for  the  positive  element,  it  will,  unle 
chemically  pure,  be  dissolved  by  the  electro!yf( 
when  the  circuit  is  open,  or  will  be  irregularljl 
dissolved  when  the  circuit  is  closed,  pr>>iudn 
currents  in  little  closed  drcuits  from  minute  vo 
taic  couples  formed  by  the  zinc  and  such  tmpu 
ties  as  earbon,  lead^  or  iron^  etc.,  always  fou 
in  commercial  zinc.  (See  Ai-tton^  Local,  of  Voi 
taii  CelL)  As  it  is  practically  impo^ibte  to  oti 
tain  chemically  pure  zinc,  it  is  necessary  t^  tMMiiA 
gamate  the  zinc  plate;  that  Ls,  to  cover  it  with  ; 
thin  layer  of  zinc  amalgam. 

Polarisation  of  the  J^egative  Plate, — Since  t 
evolved  hydrogen  appears  at  the  surface  of  1 
negative  plate,  the  surface  of  this  plate; 
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oBCft&s  u'c  ajjoptcd  iQ  avoid  it,  will^  after  a.  while, 
beoome  coated  with  a  film  of  hydrogen  gas,  or 
as  it  U  technfCaUy  called,  will  become  polarized. 
(Sec  *]>//,  It/i'iaw,  Polamaitoti  it/.) 

The  e^cct  ol  tiiis  polarization  h  to  cause  a  fall< 
kSkg  od^or  weakening  of  I  he  current  produced  by 
bftltery,  due  to  the  formation   of  a  (ounier, 

^ir^moth'^  /one  produced  by  the  hydrogen- 
oovered  plate;  that  ia  to  say,  the  negative  plate, 
now  being  covered  with  hydrogen,  a  very  highly 
ckctro>po£itive  element,  tends  to  produce  a 
CBrreot  tn  a  direction  opposed  to  that  of  the 
cdl  proper.  (Sec  For«^  Ettctr&motivt^  Com^ 
ur.\ 

Thb  decrease  in  current  strength  is  rendered 
itIII  greater  by  the  increased  resistance  in  the  cell, 
due  to  the  bubbles  of  hydrogen,  and  to  the  de- 
creased electromotive  force,  due  to  the  increase 
ta  the  density  ol  the  zinc  sulphate,  in  the  case  of 
ZU1G  to  hydrogen  sulpliate. 

In  the  case  of  sloragt  €clls^  the  counter- dec* 
tromottve  force  of  polaruatton  is  employed  as  the 
source  of  stwminry  €Hrrait$.  (See  Ehriricify^ 
Si^agr  e/^     Cf//,  S^cofii/iin',     Cdl^  Storage.) 

hk  order  to  avoid  the  effects  of  polarization  in 

itiic  cells,  atkd  thus  insure  constancy  of  cur- 

tbe  bubbtes  of  gas  at  the  negative  plate  are 

ally  carried  off  cither  by  roughening  ita 

by   (brcirjg  the  electrolyte  against   the 

pltiie  AS  by  shaking,  or  by  a  stream  of  air;  or  else 

ihe  fkcgativc  plate  is  surrounded  by  some  liquid 

or  *ol<d  *u*)stancc  which  will  remove  the  hydro* 

*ering  into  combination  with  it.      (See 

i^,  Potarhatwn  cj.) 

Voitak  cells  are  therefore  divided  into  cells 
wtfh  one  or  with  two  fluids,  or  electrolytes,  or 
tat^; 

(t.)  Sifigle-fiuid  cells;  and 

(1.)  Dottble^fluid  cells. 

Very  many  forms  of  voltaic  cells  have  been  de. 
tiled.  The  following  are  among  the  mure  im- 
^orlaal,  vii.  :  Of  the  Single-Fluid  Celts,  the 
Grtm^i^  I^figmderff^  or  Bichr ornate^  the  Zinr^ 
C^J^r^the  hm-&ir^af$  and  the  ^w^^".  Of  the 
Iteble-Flditl  Cells,  Crmfr's,  Bunsm's,  Caliaud 

lad  t:  '  .-r. 

Ofaii  Ihc  irwiuic  cclU  that  have  been  devised 
f»0  oo!/,  w,,  the  Gravity^  a  modified  Danicll, 
lad  Ibe  Ledamki^  have  continued  until  now  in 
•117  gener^  oie^  the  gravity  cell  being  used  on 
dt9ii'4ir€mUJ  lifus,  and  the  Leclanchd  on  fprn- 
vnmi^r-f  ' •   the  former  being  the  best  suited 


of  all  cells  to  furnish  the  eontinuous  (onstani  cur* 
rents  employed  in  most  systems  of  telegraphy, 
and  the  latter  for  furnishing  the  intermittent  cur- 
rents required  for  ringing  bells,  operating  anaiin* 
ciators,  or  for  similar  work. 

Cell,  Toltaic,  Absorplion   and    Oenera* 

tfon  of  Heat  tti ^(See  Heat,  Absorption 

and  GcH^ration  o/^  iit  Voltaic  CdH) 

Cell,  Voltaic,  Blehroiimte A  itnc- 

carbon  couple  used  with  an  electrolyte 
known  as  electropoion,  a  solution  of  btchro- 
mate  of  potash  and  sulphuric  acid  in  water. 
(See  Liquid,  Eiectropoion,) 

Bichromate  of  sodium  or  chromic  acid  are 
sometimes  used  instead  of  the  bichromate  oi 
potassium. 

The  zinc,  Fig,  104,  is  amalgamated  and  placed 
between  two  carbon  plates* 
The  terminals  connected 
with  the  zinc  and  carbon 
are  respectively  negative 
and  positive*  In  the  form 
shown  in  the  figure,  the  zinc 
plate  can  be  lifted  out  of 
the  liquid  when  the  cell  is 
not  in  action* 

The  bichromate  cell  is 
excellent  for  purposes  re- 
quiring strong  currents  | 
where  long  action  is  not 
necessary.  As  this  cell 
readily  polarizes  it  cannot 
be  advantageously  employ-  Fi^  JQ4,  Bichrom^u 
ed    continuously    for    any  CfU, 

considerable  period  of  time.  It  becomes  depolar- 
ized, however,  when  left  for  some  lime  on  open 
circuit. 

The  following  chemical  reaction  probably  takes 
place  when  the  cell  is  furnishing  current,  viz«s 
K,Cr,0,  -f  7H,SO,  4-  3Zn  = 

KjSO^  +  sZnSO^  +  Cr,3(So J  -f  7H,Q- 

This  cell  gives  an  electromotive  force  of  about 
1*9  volts. 

Cell,  Toltale,    Biiuscn's A  «inc- 

carbon  couple,  the  elements  of  which  are 
injinersctl  rcspectivfly  in  electrolytes  of  dilute 
sulphuric  and  strong  nitric  acids. 

Bunsen*s  cell  is  the  same  as  Grove's,  accept 
that  the  platinum  is  replaced  by  carbon.  TJte 
zinc  surrounds  the  porous  cell  containing  the  car- 
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bon.    The  polarity  is  as  indicated  in  Fig.  105. 
(Sec  Ceil,  yOiaU,  Grert*e,) 


Fij.  iOS*    Bmusfn  OIL 

Tbc  Btmsen  cell  gires  an  electTomotiFe  force 
of  about  1*96  volts. 

Cell,  Yoltaks  Callaud'g A   name 

somettmes  given  to  the  gravity  cell  {See 
tV/A  Voliatc,  Gravity^ 

Cell*  Toltalc,  Capacity  af  Polarlsallou  of 

^— The   quantity  of  electncity   required 

to  be  discharged  by  a  voltaic  cell  in  order  to 
produce  a  given  polarization.  (See  O//,  Vol' 
taicr  Polarizatwn  of,) 

During  the  discharge  of  a  yoltuc  cell  an  electro- 
motive  force  U  gradually  set  up  that  is  opposed 
to  that  of  the  cell*  The  quantity  of  clectridty 
reqwed  to  produce  a  given  polarization  de. 
peods,  of  course,  on  the  condition  and  size  of 
the  plates.  Such  a  quantity  is  called  the  capacity 
of  polarization. 

Cell,   Yoltalc,   aosed-Circult A 

voltaic  cell  that  can  be  left  for  a  considerable 
time  on  a  closed  circuit  of  comparatively 
smaU  resistance  without  serious  polarization. 

The  term  closed-circuit  voltaic  cell  Is  used  in 
contradistinction  to  open  circuit  cell^  and  applies 
to  a  cdl  that  cao  only  be  kept  on  closed  circuit 
for  a  comparatively  short  time, 

Danieirs  cell  and  the  gravity  cell  are  dosed -cir- 
cuit cells.  Lcdanchd's  is  an  open-circuit  oelL 

Cell,  Toltalc,  Oi&tiict  Tlieory  of  —  — 

A  theory  which  accounts  for  the  production 
of  difference  of  potential  or  declromotivc 
force  in  the  voltaic  cell  by  the  contact  of  the 
elements  of  the  voltaic  couple  with  one  an- 
other by  means  of  the  electrolyte. 


The  mere  contact  of  two  dissimilar  subctmoM 
through  the  electrolyte  will  produce  a  dtfierenoe 
of  polential,  but  the  cause  oi  the  current  which  1 
voltaic  cell  is  able  to  inaiDtain  is  the  cbcmical 
potential  energy  wbich  becomes  kioetic  dttnng 
combination.    i^CeU^V^ltmt*  StrUs X^tQti.\ 

Most  authorities  explain  the  difference  oi 
potential  produced  by  the  contact  of  dificrcnt 
metals  by  the  fact  that  the  metals  are  sur- 
rounded by  air*  They  point  out  the  fact  that  the 
order  of  the  metab  in  the  contact-serics  is 
almost  identical  with  the  order  of  their  electro, 
chemical  power  as  deduced  from  their  chemical 
equivalents^  and  Iheir  heat  of  combination  wi^ 
oxygen*  It  would  appear,  therefore,  that  the 
difference  of  potential  between  a  metal  and  the 
air  which  surrounds  it,  is  a  measure  of  the  tend, 
ency  of  the  metal  to  become  oxiduied* 

The  origin  of  the  electromotive  force  of  a  tine- 
copper  couple,  in  an  electrolyte  of  hydrogen  suL 
phatc,  is  the  superior  afEnity  of  the  line  for  the 
oxygen,  over  that  of  the  copper  Cor  the  oxygen. 

—The 


CelU  ToltiUe,  Creeping   In  — 

fonnation,  by  efflorescence,  of  salts  on  the  sides 
of  the  porous  cup  of  a  voltaic  cell,  or  on  the 
walls  of  the  vessel  containing  the  electrolyte. 

ParttlBning  the  portions  of  the  walls  out  of  the 
liquid,  or  covering  the  surface  of  the  liquid  with 
a  neutral  oil,  obyiates  much  of  this  difficulty.    (Sec 

Cell,  Toltalc,  DanleU'* A  zinc-— 

copper  couple,  the  elements  of  which  are  tniiH 
mersed  respectively  in  electrolytes  of  dHutlf^ 
sulphuric  acid,  and  a  saturated  solution  of 
copper  sulphate. 

In  the  form  of  Danlcirsccll,  shown  in  Rg.  io6»- 
the  copper  element  is  made  in  the  form  of  a  cylin 
der  c,  and  is  placed  in  a  porous  celL     The  cop 
per  cylinder  is  provided  with  a  wire  basket  nc 
the  top,  filled  with  crystals  of  blue  vitriol,  or  i 
per  sulphate,  so  as  to  maintain  the  strength  of  th 
solution  while  the  cell  is  in  use*    The  sine  b  i 
the  flbape  of  a  cylinder  and  ii  placed  so  as  to  1 
round  the  poroiis  cdL    This  cell  gives  a  ncadf 
constant  electromotive  force, 

TIjc  constancy   of   action    of  Danldl*s 
depends  on  the  £act  that  for  every  rodecule  < 
sulphuric  acid  decomposed  in  the  outer  cell,  1 
additional  molecule  of  sulphuric  acid  Isst^pQed 
by  the  decomposition  of  a  molecule  of  copper  tul* 
phate  in  the  inner  cell.    This  will  be  better  1 


tbtts  Ibrmed  iti  tlie  inner  cell. 
ih  tlic  pofoui  celli  mad  fhe  copper  it 
I  oo  Ibe  surfiice  ol  tbc  copper  pUbe. 


/•Xf  Z,.!? 
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»asiJcU  cell  gives  an  decLromottve  force 
1.C72  voU*. 

objection  to  this  form  of  ceU  aiise» 
fact  thit  the  copper  b  gradually  4c- 
the  surface  and  in  tlic  pores  of  the 
tliii9  greatly  increasing  its  resistance. 
blTOided  in  the  gravity  cell,  (Sec 
\P0itoit,  Gwmnty.) 

il,    Toltate,    Doablc-nuld ^A 

ic  cell  in  which  two  separate  fluids  or  elcc* 
tt:^  axe  empiuycd. 

c  of  Ifcc  dements  of  the  voltaic  couple  19 
tl  ioto  one  ol  the  fluids  and  the  other  ele- 
I11I0  ibe  oilier  fluid.  In  order  to  keep  the 
Mparateuid  diaLifKt«  they  are  either  sep 
I  bf  neitis  ol  parous  ccUs.  or  by  the  actioo 
avity.    (Sec  C#i/,  rorsm,    C*I/,    VoJanc^ 

tlw  iloiible-fluid  cell  the  negative  element  it 
ignded  by  a  liquid  which  u  capable  ol  pre- 
ac    potorastion    bf  combinmg  chemicdly 

Sttfattaiure  that  tends  to  collect  on  itj 
K.     lo  the  Danietl  cell  this  substance  is  Ihe 

that  ol  the  negative  plate.    (See  t^Ii^ 

Tdtlkt  ^J A  voluic   cell 

a  DQcisI  material  is  used  in  place  of 
ffuiit  dectrohte. 


The  term  dry  cell  if  in  reality  a  misnomer, 
since  all  such  cells  are  moistened  with  liquid 
electrolytes. 

The  dry  cell,  like  other  cells,  is  made  in  ^ 

variety  of  forms.     The    al>- 

sence  of  free  liquid   permits 

the  cell  to  be  closed .     A  well 

known   form   of  dry    cell  isl 

shown  in  Fig.  107* 

CelU  Toltitkv  Effects  of  I 

Capillarity    jii (iiccF 

Capiilariiy,  Effecti  of,  im\ 
Voltaic  Cell) 

Cell,  Voltaic,  Exdtliij| 
Liquid  of— The  elec- 
trolyte of  a  voltaic  CcIL  ^y^.    ^aj.     Drjt  Ctlt 

A  voltaic  cell  may  have  a  single  electrolyte,  in 
which  case  it  is  callrd  a  single-fluid  cell,  or  it  may 
fiavr:  two  electrolytes,  in  which  case  it  is  called  a 
double  fluid  cell. 

Cell,  Toltale,  Fuller's  Mercury  Bichro- 
mate    — A  linc-carbon  couple  im- 
mersed in  an  electrolyte  of  clectropoion  liquid. 

The  zinc  ts  attached  to  a  copper  rod  by  being 
cast  thereto,  and  is  placed  at  the  bottom  of  a 
porous  cell,  where  it  is  covered  by  a  layer  of 
mercury.       Th^  carbon  plate  is  placed  in  electro* 


poton  hqmd.  diluted  with  water  in  the  proportioQ 
ol  three  ol  the  former  to  two  of  the  tatter.  The 
ifaic  b  generally  placed  in  pure  watcr»  which 
rapidly  becomes  acid. 

The  mercury  eftocti  the  contmnoas  amilgama^ 
tion  ol  the  rinc. 

A  Fuller  mercury  btduooiate  CcU  is  showB 
in  F)^.  loS. 
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Cell,    Tt>ltaU%    Gravity A    zlnc^ 

copper  couple,  the  elements  of  which  are  em- 
ployed with  electrolytes  of  dilute  sulphuric  acid 
or  dilute  zinc  sulphate,  and  a  concentrated 
solution  of  copper  sulphate  respectively. 

The  use  of  a  porous  cell  is  open  to  the  objection 
of  increased  internal  resistance.  Moreover,  the 
porous  cell  is  apt  to  receive  a  coatinjj  of  copper 
which  often  deposits  on  the  cell  instead  of  ott  the 
copper  plate.  The  gravity  celt  was  devised  in 
order  to  avoid  the  use  t>f  a  porous  celL  As  its 
name  indicates,  the  two  fluids  are  separated  from 
each  other  by  gravity. 

The  copper  plate  is  the  lower  plate,  and  is  sur- 
rounded by  crystals  of  copper  sulphate.  The 
rmc,  generally  tn  the  form  of  an  open  wheeli  or 
crow  foot,  IS  sus- 
pended near  the  lop 
of  the  hquid,  as 
«hown  in  Fig.  109. 

When  the  cell  is 
set  up  with  sul- 
phuric  acidf  the  re- 
actions are  the  same 
as  in  the  Danlell 
:ell.  When  copper 
Sulphate  and  zinc 
sulphate  alone  are 
osed,  zinc  replaces 
the  copper  in  the 
copper  sulphate.  _ 
The  action  is  then  ^  ^ 
ncrcly  a  substitution  process.    (Sec  €<*//,  Voitaic^ 

A  dilute  solution  of  gtnc  sulphate  is  generally 
Used  to  replace  the  dilute  sulphuric  acid.  It 
gives  a  somewhat  lower  electromotive  force,  but 
ensures  a  greater  constancy  for  the  cell. 

Cellt    YoltJiic    Orenet -^A    name 

sometimes  given  to  the  bichromate  cell,  (See 
C^//    I  '^lid  {€,  Bu h f  ornate.) 

Cell,  Voltak*  GroTe A  zlnc-plati- 

num  couple,  the  elements  of  which  are  used 
with  elcctrol)ies  of  sulphuric  and  nitric  acids 
respectively. 

The  zinc,  Z,  Fig-  110,  is  amalgamated  and 
placed  in  dilute  sulphuric  acid,  and  the  platinum, 
P,  in  strong  nitric  acid  (HNO,)  in  a  ffonms  tflt 
to  separate  it  from  the  sulphuric  acid,  (See  C  ^H^ 
^mis,)  In  the  Grove  cell  the  current  is  moder- 
atdv  t;oi»tant,  ^nce  the  polariiation  ot  Hie  plati- 


num  plate  is  prevented  by  the  nitric  add,  whtd* 
oxidizes  and   thus  removes  the   hydrogen  tha; 
tends  to  be  liberated  at  its  surface.     The  con- 
stancy of  the  current 
is  not  maintained  for 
any  considerable  tinic^ 
since  the  two   liquids 
are    rapidly     decom- 
posed,  or    consumed, 
zinc  sulphate  forming 
in  the  sulphuric  acid^ 
and  water  in  the  nitHc 
acid. 

The  chemical  neac- 
tions  are  as  follows, 
Viz.: 

Zn  -h  HjSO,  = 

ZnSO^  +  Hg; 
611  +  2HNO,=^ 

411,0  +  2NO; 
2NO  +  O^  =  N,0^, 

Nitrate   oC    ammo> 


Fig.  t to      Grwt'MCbU* 


niutn  is  sometimes  formed  when  the  nitric  ad 
bc'Lomes  dilute  by  decomposition.  The  reactia 
is  as  follows ; 

2HNO,  +  4H,  =  3H,0  +  NH^NO,* 

The  cell  gives  an  electromotive  force  of  ix 
volts. 

When  the  porous  cell  is  good,  tlic  resistance  < 
the  Grove  cell  may  be  calculated  according  i 
the  following  formula  of  Ayrton : 

where  d.  is  the  distance  in  inches  between  the_ 
platinum  and  zinc  plates,  and  A,  the  square  inch^ 
of  the  immersed  portion  of  the  platinum  pbte 

Cell,  Voltaic,  Leclaiicli6 A  nn 

carbon  cotiptc,  the  elements  of  which  are  us 
in  a  solution  of  sal-ammoniac  and  a  fine 
divided  layer  of  black  oxide  of  manganc 
respectively^ 

The  line  is  in  the  form  of  a  slender  rr>d  aq 
dips  into  a  saturated  solution  of  sai^&mm^ 
NH.Cl. 

The  negative  element  consists  of  a  plate  of  car* 
bon,  C,  Fig.  I  li,  placed  in  a  porous  cell,  tn  whu 
is  a  mixture  of  black  oxide  of  manganese 
broken  gas-retort  carbon,  tightly  packed  afO 
the  carbon  plate.     By  this  mean?  a  Rfeatly 
tended  surface  of  carlx>n  sut  rounded  by  tkta 


^  tof  tnangancic,  MnO,,  is  secured-  Tlie  entire 
tt  jar,  and  lh«  space*  uiside  the  porous  cell  are 
-iOed  wUli  the  foliUiou  of  sal-ammooiac. 


fif.ar.     Tk*  Uctamcki  OiL 


TOs  cell,  ihough  containing  but  a  single  fluid, 

y^p,  m  reality,  io  the  cUss  or  type  of  thubU. 

Mii*d!s,  being  one  in  which  the  negative  de- 

acnt  U  surroondcd  by  an  oxidizing  substance, 

idc  of  manganese,  which  replace  the 

r  copper  sulphate  in  the  other  double- 

l  cells. 

"Hib  leaction  is  generally  given : 

2a  ^  4XH,Cl  +  iMnO,  ^  ZnCl,  +  iNH^Cl 

This  reaction  is  denied  by  some,  who  believe 
Ik  tQllowing  to  Uk^  place : 

U  ^  2iNH^a)  =  ZnCl,  +  2NH,  +  H,. 
The  ZnCl,  and  NM  j  react  as  follows  : 
XnCI,  -j-a(NH3)  =  a  (NH,)  ZnClj  +  11^. 
2H  r2(Mn,02)^H,0  f  Mn,0^; 
J,  possibly,  4H  +  iMnO,  =  Mii»0  4-2H,0. 

The  Lcclanch^  cell  gives  an  electromotive  force 
of  about  1,47  volts.  It  rapidly  polarisEes,  and 
oimot,  therefore,  give  a  steady  current  for  any 
pnkiaged  time.  When  left  on  open  circuit,  how- 
citr,  \l  ^^oickly  depoUriies. 

f*n,  Toltafe,   Local   Action  of 

(Sec  Aiiwn^  Local,  of  Voiiaic  Cei/.) 

ffll.  Voltaic*  Mctdln^er A  rinc- 

copper  cotiple,  the  elements  of  which  are  env- 
pluyed  with  dilute  sulphuric  acid,  or  solution 
of  sulphate  of  magnesia^  and  strong  nitric 
4cd»  Respectively. 

Tbe  Meidinger  cell  is  a  modification  of  the 
Ikoidl  celL  The  tinc-ctf^ptrr  couple  is  thus  ar- 
nikged :  Z  Z,  Fig.  112,  is  an  amalgamated  zinc 
r^ny  ,  Uced  near  the  walls  of  the  vessel,  A  A, 
cinviricted  at  b  b.  The  copper  element,  c,  is 
^-rrTii:ir]y  placed  With  fcspcct  lo  the  walls  of  the 
-r-rl    ['  H.     The  elii'is   cvlincier  h,   filled    witli 


without  serious  polariza- 


87  .     "^ [C«l. 

cry4>laU  of  copper  sulpliate,  has  a  small  hole  in 

its  bottom,  and  keeps  the  vessel,  d  d,  supplied 

with  saturated  so-  ^ 

lution     of    copper 

sulphate     The  cell 

is  charged  with  di- 

lute  sulphuric  acid, 

or  a  dilute  solution 

of  Epsom  salts,  or 

magnesium        sul- 

pha.te. 

Cell,    Voltaic, 
Opeii-Cireui  t 

A  voltaic 

cell  thai  cannot  be 
kept  on  closed  cir- 
cuit, with  a  com- 
paratively small 
resistance,  for  any 
considerable  lime 
tion* 

A  Leclancl)^  cell  is  an  open-circuit  cell.  The 
terra  (jpen -circuit  cell  is  used  in  contradistinc- 
tion  to  closed-circuit  cell,  such  as  the  Daniel! . 
^SceCV//,  Voltaic,  ChSi^d'CirmiL) 

Cell*    Voltaic,    Fog^cmlorff  —A 

name  sometimes  given  to  the  Grenet  cclL  (See 
CW/,  Valiaic,  Grenei.) 

Ccn,  Voltaic,  Polarization  of —The 

collection  of  a  gas,  generally  hydrogen,  on  the 
surface  of  the  negative  element  of  a  voltaic 
celL 

The  collection  of  a  positive  substance  UTte  hydro- 
gen on  the  negative  element  or  plate  of  --^  voltaic 
ceil  sets  up  a  tountfr'iiectromoti-efort:^^  which 
lends  to  produce  a  current  in  the  oppuitte  direc- 
tion to  that  produced  by  the  cell.  (Sec  Forie^ 
Electromotive^  Counter,') 

Polarization  causes  a  decrease  111  the  normal 
current  of  a  voltaic  cell: 

(l,J  On  account  of  the  increased  resistance  of 
the  cell  trom  the  bubbles  of  gas  whtch  form  part 
of  1  ts  circuit* 

(2.)  On  account  of  the  e&tmter-eUctromtftivi 
force^  produced  by  polanxation* 

There  are  three  ways  in  which  the  ill  effects  of 
the  polarization  of  a  voltaic  cell  cau  be  avoided. 
These  arc  : 

(I.)  Afech(mica!.^'^\^  negative  plate  is  fur- 
nished  with  a  roughened  surface  which  enable:  the 


Cel.] 


S8 


[OL 


bubbles  of  ^s  to  escape  from  the  points  on  such  snr* 
Hct  ;  or,  a  streani  of  gas,  or  air,  is  blown  through 
the  liquid  against  the  plate  and  thus  mechanical]/ 
brushes  the  bubbles  off. 

(2.)  CVitvwiVtj/.^The  surface  of  the  negative 
plate  is  surrmivded  by  some  powerful  oxidiaing 
substance^  such  as  chromic  or  nitric  acid,  whic:b 
is  capable  of  oxidizing  the  hydrogen,  and  lit  us 
thoroughly  removing  it  from  the  plate. 

The  oxidixing  substance  may  form  the  entire 
electrolyte,  as  is  the  case  of  the  bichromate  solution 
employed  in  the  rinc-carbon  couple.  Gcncralty, 
howevcTf  it  has  been  found  preferable  to  eoiploy 
a  separate  liquid,  like  nitric  acid,  to  conipletely 
surround  the  negative  plate,  and  another  liquid  for 
ihe  positive  plate,  the  two  hquids  being  generally 
kept  from  mixing  by  a  porous  cell,  or  diaphragm. 
Such  cells  are  called  douhhfimd  Ciils,  (See 
Cdl^   Voltaic,  Doubh-Fhdd.) 

(3.)  £LTfro-ChfmicaL—Th,\5siX^  necessitates  a 
double  fluid  cdh  The  negative  element  is  im* 
mersed  in  a  solution  of  a  salt  of  the  same  metal  as 
that  farming  the  negative  plate.  Thus,  a  cop. 
per  plate,  immersed  in  a  solution  of  copper  sui 
phate,  cannot  be  polarized,  since  metallic  copper 
is  deposited  on  its  surface  by  the  action  of  the 
hydrogen  which  tends  to  be  liberated  there. 

The  constancy  of  action  of  a  Danicll  cell  depends 
on  a  deposition  of  metallic  copper  on  its  copper 
plate  as  -well  as  on  the  formation  of  hydrogea 
sulphate,  and  the  solution  of  additional  copper 
sulphate  from  the  crystallized  salt  placed  in  the 
cell*     (SccC//,  nitaU^Damtirs.) 

C4?ll,  Voltaic*  Primary,  Exlianstion  af 

-^  — The  inability  of  a  priniary  voltaic 
cell  to  furnish  any  further  current,  unless 
fresh  eleclrol>ic.  or  fresh  positive  elcn^cnt,  or 
both,  are  supplied  to  it. 

In  the  case  of  exhaustion  of  a  primary  voltaic 
cell  the  stock  of  fresh  energy  is  supplied  to  the 
celt  from  the  chemical  potential  energy  of  the 
positive  element,  or  of  the  electrolyte  or  clcc- 
IroTytcs.     (See  Energy* ^  Chtmicai  FfftetUinL) 

In  most  voltaic  cells  a  marked  decrease  in  the 
current  strength  is  observed  soon  after  the  cir- 
cuit «  closed,  and,  therefore,  long  beibrc  the 
cell  is  exhausted.    This  decrease  is  due  — 

(f  I  To  the  increased  internal  resistance  due  to 
the  bubbles  of  hydrogen  on  the  negative  plate. 

(2.)  To  the  counter-electromobvc  force  of  po- 
larization, where  rinc  is  employed  with  an  elcc. 
troiyle  of  sulphuric  aad. 


(3>>  To  the  decrease  in  the  electromotive  fcfce 
due  to  an  increase  in  the  dcnsltf  of  the  alnc  suU 
phate. 

Cell,  Voltaic,  S^ondary,  Exhaitstlon  of 

The  inability  of  a  sccondar)*^  cell  ta 

furnish    any    further    current,    unless    fresh 
cleciro»posilive  and  electronegative  materials 
are  formed  in    tt    by   the    passage  of  the' 
charging  current. 

In  the  case  of  the  exhaustion  of  a  secondary 
voltaic  cell*   the  stock  of  fresh  energy  supplied^ 
to  the  cell  is  derived  from  the  clcctitc  cue 
of  the  charging  current.     (See  Ener^\  EUtiri€.\ 

C4^ll,    Voltaic,    SieiiK^n^  Hal»ke  - 
A  zinc-copper  couple,  the  dements  of  \vhich| 
are  employed  with  dilute  sulphuric  add  an 
saturated  solution  of  copf 'cr  sulphate  respect*! 
ively. 

The  Siemens- Ilalske  cell  is  a  modification  of 
Dameirs,    A  ring  of  ainc,  Z  Z,  Fig    I13,  mat- 


.u_JWt^ 


/afif  II J,    SSfmnu^/Mskg  Off, 

rounds   the   glass  cylinder,  c  c*      The 
cell  is  replacLd  by  a  diaphragm,  ff,  of  porou 
paper,  Cormed  by  the  action  of  sulphuric  acid  <m\ 
a  mass  of  paper  pulp.    CryslAls  of  copper  sulvj 
phate  arc  placed  in  the  glass  jar,  c  c,  and 
on  the  copper  plate,  k,  formed  of  a  close  eopp 
tptral*    Terminals  are  attached  at  band  h<    TliC 
entire  cell  is  charigcd  with  dilute  stilphurtc  aad. 
The  resistance  of  Ihe  cell  is  high . 

Celt  Voltaic,  Silver  CliloTfde A 

tine  and  silver  couple  invinersed  in  electro- 
tytes  of  sal-ammoniac  or  common  salt  stni 

silver  chlondc. 
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Tte  lioc  ads  ^a  the  positive  dement^  an<l  a 
alwcr  wirtf  annind  which  a  cylinder  of  fiised 
■Iver  chloride  is  cast,  as  the  negative  dement. 
The  xinc,  and  the  silver  wire  aod  sLlvcr  chloride, 
are  pUccd  in  a  anall  glass  test-tube  and  covered 
widk  the  sml-anunonjac  or  common  sail,  and 
fbe  tabc  dos»l  hf  a  cork  of  paraffin,  to  prevent 
Ite  c««{»ocst]Ofi  of  the  dectnilyte.  When  sal- 
■■wwitir  h  used,  the  strength  of  the  solution  is 
^■t  oblBlaed  by  dlsiolviiig  23  grammes  of  pure 
fli«Bimoxiiac  in  t  litre  of  water*  The  silver 
diloride  acts  as  a  depolarixer* 

This  cell  is  used  as  a  standard  ccllf  known  as 
C^  la  Rue*s  standard  cdl,  from  its  inventor, 
Warren  De  la  Rue,  Its  dectromotive  force  13 
ljo6Svx»lts. 

— Any  voltaic 


Celt  TalUle,  Simple  — 

cell  formed  of  a  single  couple  immersed  in  a 
ida^e  rKCtting  tiquid. 

€ill,  Tollaic,  SlD^Ic^Ftiiid A  vol- 
taic ceU  in  which  but  a  single  flviid  or  elec- 
Uol>le  is  used, 

SiiifMhdd  ^taic  ce!U  possess  the  disadvan. 
Ufsofpolarixtng  during  action »  This  polariza- 
tiooiidnetolLe  electro* positive  element  of  the 
electrolyte  collecting  on  the  suifuce  of  the  nega* 
five  plale,  or  within  its  mass.  For  example, 
wbexe  dilate  mlphuric  acid  b  the  electrolyte, 
lijtLOfCii  fas  collects  on  the  negatiiAe  plalte  and 
lowen  the  tlf^trgmotivt  force  produced  by  the 
«4  by  0  i^imiar-eltctromcih^t  J'ttrct  thereby 
fcneFated*     (See  Force^  EiettrsmoHve*    Forc^^ 

Cell*  TolUic,  Smeo  —  —A  zinc-silver 
Qoaple  osed  with  an  electrolyte  of  dilute  sul- 
phtJTic  acid,  H,.SO^. 

A  fortn  of  Smee  cdl  is  shown  in  Fig.  1 14.  Here 
(^  plate  of  sOver  Is  placed  between  two  linc 
flues. 

The  dlTcr  plate  is  roughened  and  covered  with 
iCBSttDg  qS.  metallic  platmum*  in  the  condition 
kmmtk  mfitiimmm  Mack.  ( See  Fia (inum  Black . ) 
Tkii  cdi  wa«  formerly  extensivdy  employed  in 
iSi%tT^mti^Jhtrg3t  but  b  now  replaced  by  dy^nama^ 
ilKinc-mtmtJdmtf.  (See  MHAiimxjf^  Flatro, 
MotkiMf^  J>ymim&  H/rttric,} 

h  afW* AFrl^M  couple  is  som^imes  used  to  re- 
llnstbe  Mime-^'hfifr  couple,  A  couple  of  tine- 
kai  h  alao  usedt  though   not   very  advanta- 


The  Smee  cell  was  one  of  the  earliest  fonns 
of  voltaic  cells. 

In  the  rinc-silvcr  couple  the  chemical  reaction 
that   takes  place   when  the 
cell  is  fumishiti}^  current  is 
as  follows,  viz,: 

Zn  +  H,SO^  =  ZnSO^ 

The   Smee  cdl  gives  an 
electromotive  force  of  about  ) 
,65  volt. 

Cell,    Toltaic,   Stand-  I 

ard A  voltaic  cell  Uti'' 

tlie  electromotive  force  of 
which  is  constant,  and  ^i^<  a 4*  ^*>*^  ou. 
which,  therefore,  maybe  used  in  the  measure- 
ment of  an  unknown  elect romoliic  force. 

Absolute  constancy  of  electromotive  force  is 
impossible  to  attain,  but  if  the  current  of  the 
standard  cell  is  closed  but  for  a  short  time  the 
dectromotive  force  may  be  regarded  a^  practically 
invariable. 

Cell,  Valtaie,  Standard,  Clark's 

The  form  of  standard  cdl  shown  in  Fig.  115. 

Latimer    Clark's    standard    cell    assumes    a 
variety  of  forms.    The   II -form  is  arranged  as 
shown  in  Fig.  1 15.    The  vessd  lo  the  left  con- 
tains^ at  A,  an  amal- 
gam of  pure  iinc.    The 
other  vessel   contains, 
at  M,  mercury  covered 
with    pure  mercurous 
sulphate,      Hgj  SO 4. 
Both  vessels  are   then 
^lledt  above  the  levd 
of  the  cross  tube,  with 
a  saturated  solution  of 
fine  sulphate  Z,  Z,  to 
which  a   few   crystals 
of  the  same  are  added. 
Tightly    fitting    corks 
C,  C,  prevent  loss  by  FSg,  t  js     Ctark'i  Sfami- 
evaporation.  ard  CtU. 

The  voltage  of  this  cdl  in  legal  volts  is  1,438 
[t  —0,00077  (t  —  IS  degrees  C.)\^AyHm,) 

The  value  t,  is  the  temperature  in  degrees  of 
the  centigrade  scale. 

Cell,  Voltale,  Standard,  Kaylelgh*8  Fomi 

of  Clark*!! A  modified  form  of  Clark's 

cclU 
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Fig,  t  i<i,  Rayltigh^x 
Fiirm  0/  dark's 
Standard  Oil. 


Lord  Raylcigh's  form  of  Qark's  standard  cell 
is  show  rv  i  n  ¥ig  *  1 1 6.  The  electrodes  pass  respect- 
ively through  the  l>otlom  and  top  of  ihe  lest  tube 
of  glass.  On  the  bwer 
dectiodc  a  layer  of  mcr- 
cury,  Hy,  is  placed.  On 
this  rests  a  layer  of  jnercu- 
roos  sulphate  paste  made 
sufticiently  scmi-fluid  with 
a  solution  of  2inc  sulphate 
to  form  an  approximately 
level  surface.  The  line, 
Zn,  is  attached  to  the  up- 
per electrode  and  is  im- 
mersed in  this  semi 'fluid 
paste. 

The  mercurous  sulphate 
appears  to  act  to  keep  the 
mercury  free  from  impuri- 
ties. 

The  electromotive  force 
of  this  cell  has  been  care- 
fully determined  by  Ray^ 
leigh.  Its  value  in  true 
volts  is ; 

E— 1-435  [I  —  .00077  U— 15)]  when  t,  is  the 
temperature  in  degrees  Centigrade, 

This  cell  is  often  called  Clark's  normal  element. 

Ci»ll,  Voltaic,  Standard,  I>e  la  Rue's 

— A  form    of  silvcr-chlohde  cell.     (See  Ceii, 
Voiiaic,  Siiver-  Chhride. ) 

Cell,  Voltaic,  Stand- 
ard. Fleminjf's 

The  form  of  standard 
cell  showTi  in  Fig.  117. 

The  U'tulic,  Fig.  117, 
if  connected*  as  shown, 
by  means  of  taps,  with 
two  vessels  filled  with 
chemically  pure  solutions 
of  copper  sulphate  of  sp, 
gr.  I.I  at  IS  degrees  C, 
and  zinc  sulphate  of  sp, 
gr.  1.4  at  15  degrees  C. 
respectively.  To  use  the 
cell  the  zinc  rod  Zn,  con- 
nected with  a  wire  pass- 
ing through  a  rubber 
stopper,  is  placed  in  the 
left  hand  branch.  The  tap  A,  is  opened  and 
the  entire  U  tube  is  filled  with  the  denser 
line  sulphate  solution.     The  tap   at  C,  is  then 
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opened*  and  the  hqutd  in  the  right*band  bnuic! 
above  the  tap  is  discharged  into  the  lower  vessel^ 
but,   from   this  part  only.     The  tap  C,  is  thci 
closed,  and  the  tap  l\  opened*  and  the  Ughte 
copper  sulphate  allowed  to  fill  the  right-hand" 
branch  above  the  tapC.  The  copper  rod  Cu»  fitted 
to  a  rubber  stopper  and  connected  with  a  con«| 
dueling  wire,  is  then  placed  in  the  copper  solutia 

Tubes  are  provided  at  1*  and  M,  for  the  re 
tion  of  the  zinc  and  copper  rods  when  not  in  usewl 
The  copper  rod  is  prepared  for  use  by  in 
electro -plating    it    with    copper.      The    ele 
motive  force  of  this  cell  is  1.074  volts.     If  thcl 
of  demarkation  between  the  two  liquids  is  no 
sharp,  the  arms  of  the  vessels  are  emptied,  and 
fresh  liquid  is  run  in.  ^ 

Cell,  Voltaic,  Standant  I^)dg:c'?i — ^ 

A  form  of  standard  Daniell  cell. 

Lodgers  standard  cell  is  shoi^ii  in  Fig,  iiS. 
Through  the  tube  T,  in  a 
wide  mouthed  bottle^  is 
passed  the  glass  tube,  in  the 
mouth  of  which  is  placed  a 
zxnz  rod.  To  the  bottom  of 
the  tube  T,  a  small  test  tube 
t,  containing  crystals  of  cop- 
per sulphate,  is  fastened  by 
means  of  a  stritig  or  rubber 
band.  The  uncovered  cn<i 
of  a  gutta-percha  insulated 
copper  wire  projects  at  the 
bottom  of  t,  through  a  tube 
in  a  tightly  fitting  cork,  and 
forms  the  copper  electrode.  The  bottle  is  parti 
filk-d  as  shown  with  a  solution  of  xmc  sulphate. 

The  internal  resistance  of  this  cell  i*  so  higf 
that  it  is  only  employed  in  the  use  of  zero  metlio 
with  a  condenser. 

Cell,    Voltaic,    Staiidanl,    Sir   WilUam 

ThoniHon's    — A   fonn     of    standard 

Darnell  cell. 


Cm- 


Sir  Wm.  Thomson^s  standard  cell  is  shown  ill 
Fig.  119.   A  line  disc  is  placed  at  tlic  boitum  of  th^ 
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flindrical  v«sel  and  a  soluticw  of  zinc  sulphate 
r  fp.  gr.  i.z  poured  over  it*  By  mcajis  of  the 
and  F.  a  half-saturated  solution  of  Copper 
lipbate  is  carefally  poured  over  this  and  Doats 
I  it  owing  to  its  tmaller  density.  The  elscbri- 
dre  force  of  this  cell  is  1.072  irur  Vt?Us  at 
15  degrees  C. 
Cel],Taltaic,  f^tantlardlzlDg  a —De- 
dining  the  cjcact  value  of  the  electromotive 
force  of  a  voltaic  cell,  in  order  to  enable  it  to 
used  as  a  standard  in  determining  ihe 
(ectromotive  force  of  any  other  electnc 
source. 

CeH  Yoltaic,  Two-FIuld —A  term 

Dmetimes  employed  in  place  of  double-fluid 
clL     i^^C^ll,  Voltaic,  DoubU-Fluidl) 

Cell,   Teltalc,  Water A    voltaic 

rll  in  which  the  exciting  liquid  is  merely 
atcr. 

Any  Toltaic  couple  can  be  used,  the  positive 
of  which  is  acted  on  by  water*    (See 
y^  Voliai€.) 

CeUt    Toltalc,    ZlncCarboa ^A 

t\\  in  which  zinc  and  carbon  form  the  posi- 
i^eand  negative  elements  respectively. 

A  name  sometimes  given  to  the  bicbro- 

ite  celL 

Cell,     Yoltak,    2inc-Copi>er ^A 

ell  in  which  rinc  and  copper  form  the  post- 
\*t  and  negative  elements  respectively. 

Cell,  Yoltafc  Zinc-Lead  ^^  —A  linc- 

l  couple  sometimes  used,  though  not  very 

Ivantageously.   to    replace    the    zinc-silver 

jplc  ji  a  Sraee  cell.    (See  C^li^  Vcliaic, 

CelU«  Coopled A   number  0/  sep- 

cclls  connected  in  any  way  30  as  to 
K  St  single  source. 

Cells  Voltaic,  Serles-Connecti^d — 

A  number  of  separate  voltaic  cells  connected 
tn  scnes  so  as  to  form  a  single  source.  (See 
Ciratii,  S<rt>^.) 

Oment-Llned  Condatt.  —  (See   Conduit, 
Ciwunt^Limd^ 

Cements      Insulating   — Various 

Ollirtures  of  gums,  resins  and  other  substances^ 
the  abiltty  to  bind  two  or  mgre 
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substances  together  and  yet  to  electrically  m- 
sulate  one  from  the  other. 

Cent!, — (As  a  prefix) — ^The  one-hundredth 
part  of. 

Centl-Ampdre,^ — One-hundredth  of  an  am- 
p^re, 

Centl'Ampi^re  Baluncei^— (See  Balance^ 
Centi^Ampere^ 

Centigrade  Tliermoraeter  Scale.  —  (See 
Scale,  Centigrade  Thermome(tr) 

Cent  1  gramme, —The  hundredth  of  a 
gramme 

One  centigramtne  equals  0.1544  grains  arolr- 
dupoise.  (Sec  IV^ighis  and  Mtasftr^s^  Meirit 
Syittm  oJ,\ 

Centilitre.— The  hundredth  of  a  litre. 

One  centilitre  equals  o«6t02  of  a  cubic  incli» 
(See  Weights  andMcasurt's^  Alt' trie  System  &f.\ 

Centimetre*— The  hundredth  of  a  metre. 
One   centimetre   equals   0.3937    f^ch.       (See 
Weights  and  Atxasures,  Metric  System  of. ) 

Centimetre-Oramme-Seeondrnit8,^(See 

Un  its,  Ceniim  etre-  Gra  m  me-  Second,] 

Central  Galranixatiom — (See  Galvaniia- 
tion,  CeniraL) 

Central  Station.— (See  Station,  Central) 

Central  Btutloti  Burglar  Alarm.— (See 
Alarm,  Burglar,  Central  Station,) 

Central  Station  lighting,- (See  LigAt- 
iHg\  Electric  Cettfrai  Station,) 

Centre  of  Grafity,- (See  Gravity,  Centra 

on 

Centre  of  Oscillation.— (See  Oscillation, 
Centre  &/*) 

Centre  of  Percnaslon. — (See  Percussion 
Centre  ^.) 

Cctttrifngal  Force.— (See />rrtf,  Centri/u* 
gaL) 

Ccntrlfiigal  Gove  mar.— (See  Governor 
Centrifugal,) 

Ciiain  Ltglitnln^.  —  (See  Lightnif^, 
Chain^ 

Chain,  Linked  Mag-netic  and  Electric 
* — =-  ^A  chain  of  three  links,  the  separate 
links  of  which  consist  of  the  primary  circuit* 
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tlic  oB^gnetic  drcuk,  and  the  secandary  cir* 
cuit  respectively,  of  an  induotkan  coiL 

TheoMwqptioo  of  A  Hnkod  mmgjietic  xni.  dice- 
trie  clmui,  in  studying  the  action  of  an  iiiduction 
coil,  uas  first  developed  by  K^p.  A  Hnkec^ 
magnetic  and  dcctric  clvaln  is  shown  in  Fig.  lao. 


H  Ib  sack  a  cai^  the  magaetic  core  or  drcoit  is 
of  varying  magnetization,  when  one  of  the  electric 
circuits  Juis  a  periodic  current  passed  through 
it,  the  various  phenomena  of  the  induction  coil 
«  produced,    (See  Cot4  i«idW<r/i'i>ff,) 

dbaliu  lIolw?iilmr ^A  polarized  chain 

of  molecules  tliat  is  supposed  to  exist  in  an 
eIeclrol>-te  during  its  clectrol)lic  dccompost- 
tion,  or  in  a  voltaic  cell  on  closing  its  circuit. 
(Stc  Hypaihtsis,  Graff ^s.) 

Chain  Pull.— (Sec  PmII,  CkaitC^ 

Chamber,  Armatare The  armataii^ 

bore,     (See  ^i^fv.  Armaiur^^) 
Chiiinh^r  gf  Lamp. — (See  L&tnp^  Cham' 

Change,  Chemleal — Any  change  in 

matter  resulting  from  atomic  combination 
and  the  consequent  formation  of  new  mole- 

Some  chemical  changes  are  caused  by  atomic 
Gombtnations  and  the  tormztion  of  new  molecules. 
They  are  nec^sarily  attended  by  .'  loss  of  the  spe- 
cif idenlttf  of  the  sabsLaaoci  vivolvcd  in  the 
change.  Thus  carbon,  a  black  solid,  combined 
with  sulphur,  a  yellow  solid,  produces  carbon 
disulphide,  a  colorless,  odorous  liquid.  (See 
Aiam.) 

diaii^.  Physical Any  change  in 

matter  resulting  from  a  change  m  the  relative 
position  of  its  molecules;  without  the  forma* 
tion  of  new  molecules. 

Ice,  when  licatod,  k  turned  into  water;  steel, 
wbai  $bt>kDd  by  a  magnet,  is  rendered  perma' 
aentlf  msgveiic;  a  piece  «f  vulcialte  or  bard 


rubber  stroked  by  a  piece  of  cat  skin  beconiei 
electrified  In  all  these  cases,  which  are  inslancd 
of  physical  changes,  the  substances  retain  their 
i|»u:ifi c  identity  This  is  true  Ik  all  cases  of  ph]r^ 
ical  changes.     (See  Afohcnie*) 

Chmiig1ii?*oTer    Switch*^ — (See     Smifck, 
Chang  tng'C^ftr^ 
Chan^inff  Switeh*— (Sec  Swittk,  Ckm^^ 

Cliaracterlstic  Ciirre. — (Sec  Cttrvf, 
Charac  (eristic.) 

Characteristic  Ciirre  of  Parallel  Traaft- 
former. — (See  Curiae,  Characierislic^  ^f 
Paraiiet  Transformer^ 

Charaeterlstlis  Cnnre  of  Serie«  Tran»- 
fonuer. — ^(See  Curve,  Characterisiu^  0/ 
Series  Transf&rmer^ 

Characteristics  of  Somid.-— (See  S&und, 

Character isiie   o/^ 

Charsre,  Bound ^Thc  condition  of 

an  electric  charge  on  a  conductor  placed  neat 
anotJ.er  cor.ductor,  but  separated  from  it  by 
a  med'um  through  which  electrostatic  tndtic- 
tlon  can  take  place.  (See  Inducfiffn^  Elec^ 
irostoHc) 

When  a  charged  conductor  is  placed  near  an- 
other conductor,  but  separated  from  it  by  a  dl* 
electric  or  medium  thToag1&  which  inductioQ  can 
take  place,  a  charge  of  the  opp»osite  name  Is  In- 
duced in  the  neighboring  conductor.  This  ckan^e 
is  so  held  or  bound  on  the  oanductor  by  the  mu. 
tual  attraction  of  the  opposite  cJi arge  that  ft  is 
not  discharged  on  connection  with  the  earth 
unless  both  conductors  are  simultaneously  touched 
by  any  good  conductor.  The  bound  charge  was 
formerly  called  dissimutat/d  ot  /a tint  ehttrieity. 
(See  Eiectricity^  Disumulattd  mf  laitni.\ 

Charge,  I>enslty  of ^The  quantity 

of  electricity  per  unit  oC  area  at  any  point  on 

a  char]ged  surface- 
Coulomb  used  the  phrase  surface  dtmAty  t:o 

mean  the  quantity  of  elcctridty  per  unit  ol  area 

at  any  point  on  a  surface. 
Cftaf^e,  Btolpation  of ^The  gradual 

but  final  loss  of  any  charge  by  leakage,  which 

occurs  even  in  a  well  insulated  conductor. 
This  loss  is  more  rapid  with  negatively  changed 

conductors,  than  with  those  |>o$4iivdy  chargoi* 
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Crooko,  o(  Engbnd,  hu  reuined  «  charge  ott 
eeBdttCtQrs  for  ycai^  wilhoutapprceuble  leakage^ 
iy  pUcing  the  conductan  in  ifessels  in  which  » 
§i^k  vaeuuiH    was    m^LiaUined.     (See   lamitmy 


Clbirfe,  Dblril»ation  af  ^ 


-The  varL- 


ations  that  exist  in  the  density  crf  an  electrical 
charge  at  diflcrent  portions  of  the  suiiace  d 
an  insulated  conductors  except  spheres. 

Tbe  density  of  charge  vaiiei  al  dtfierent  points 
Hi  the  furiace  of  co  nd  uctors  of  larioiis  shapes^  It 
ii  vaifom  at  all  points  on  the  smface  ol  a  sphere. 

It  is  f  roatcr  at  the  extremitiet  of  the  longer 
■xttof  m  cg]£-shaped  Ixidy^  and  grratestat  the 
tharpcr  end. 

It  is  greato'  at  (be  comers  of  a  cuhe  thaii  at 
llhe  middle  of  a  side. 

It  is  greatest  an»und  the  edge  of  a  drcular  disc* 

It  is  i^reatest  at  the  apex  oi  a  cone 

C&arg^,  Eleetrfc The  quantity  of 

tectricity  that  exists  on  the  surface  of  aa  ia- 
ted  electrified  conductor. 

ioch  a  conductor  is  touched  by  a  good 
tor  couDccted  vith  the  earthy  it  is  dii' 
w^ed^    (See  C^md^mj^,) 

Cliar^,  Free The  condition  of  aa 

inc  charge  on  a  conductor  isolated  from 
y  other  conductor.  . 

It  ia  im  possible  to  obtain  a  periectly  free  charge. 
It  is  impossible  to  completel;  isolate  an 
conductor*     The  charge  however,  can 
compazativdy  tee. 

The  charge,  on  acottpteteYy  isobteo  eoaductor, 
idily  leaves  it  when  ii»<  |mt  in  contact  with  a 
coBdnctorcootiected  with  the  grounds    (See 
argf,  S^mmd.) 

Cbttn^T,   iBdneed  Electrostatlo  -^  -- 

^^Thc  charge   produced  by  bringing  a  body 

^^Blo  an  dectrostatic  fiel 

^^P    In  otdey  to  obtain  a  permanent  charge,  i\  e.,  a 

^^durge  wUch  will  be  maintamed  when  the  body 
is  withdrawn  from  au  decttosfiitic  6eld,  it  is  nee- 
CMary  to  connect  the  body  with  the  earth  so  that 
k  may  lom^  or*part  with,  a  cliarge  of  the  same 
aanie  as  Hie  inducing  charge.  Then,  on  tbe  with^ 
iamwi  oi  thii  charge,  it  will  possess  a  charge  op- 
lostoe  in  namf  to  thr  inducing  charge.  (See 
Cmdtmiff 
€%Mr^\  tniliKuee A  charge  pro- 


disced  by  eTectrostatic    Moction,    (See  Im 

Char^(*,  Kef  atire —According  to  tbe 

double- fluid  hypothesis,  a  charge  of  negative 
electricity. 

According  to  the  single-fluid  hypotheaii^ 
any  dehcit  of  an  assumed  electrical  fiaid. 

Charg-e*  Fosltiro ^According  ta  the 

dotfble-flmd  hypothesis^  a  charge  of  posttiw 
electricity. 

Accortltng  to  the  single*f!uid  hypathe$i% 
any  excess  of  an  assumed  electrical  fiuid* 

€hArge3esidaal The  charge  pos- 
sessed by  a  charged  Lcydcn  jar  for  a  few 
momenta  after  it  has  been  disrupti%*efy  dis- 
charged by  the  connection  of  its  opposite 

coatings* 

The  residual  charge  is  probably  due  to  a  species 
of  dieltctru  itraitt^  or  a  strained  position  of  the 
molecules  of  the  glass  caused  by  the  charge. 
Such  residual  charge  is  not  present  in  air  con* 
densers.  In  other  words,  a  Leyden  jar  docs  not 
give  up  all  the  electric  energy  charged  in  it,  on  a 
ihigle  disruptive  dischari^e. 

diargep  Betum A  charge  indticcd 

In  neighboring  conductors  by  a  discharge  of 

lightning. 

Under  the  influence  of  induction  a  lightning 
stroke  produces  during  its  discharge  an  electric 
shock  in  the  human  body,  or  a  charge  in  neiglk 
bonng  bodies,  which  is  called  the  back  or  r^ 
turn  stroke  of  Kghtntng.    (See  Strok^^  tighi* 

Charged  Body*— (See  Body,  CI^t^aO 

Cliarging  Accnninlators.^ — Sending  an 
electric  current  into  a  storage  battery  for  the 
purpose  of  rendering  it  an  electric  source. 

There  is,  strictly  speaking,  no  accumulation  of 
electricity  in  a  storage  battery,  such,  for  example, 
as  takes  place  in  a  condenser,  but  a  mere  storage 
of  chemical  energy,  which  may  afterward  becamie 
electric.    fSee  C^//,  Storage,) 

Charglnf  Leydeo  Jara  liy  Ciso^e,— {See 
CascadM^  CkoTgit^  Ltyd^mjmrs  iy.) 

Chart,  IncllnatfcMi A  map  or  chart 

on  whicb  the  isodinic  Hnes  are  mariDed.    (See 
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Cliartv  iBodjnamte  - 


-A  map  or  chart 


on  which  the  isod}'namic  lines  are  markecL 
(See  Afafi  or  Charts  Isodynamic*  Lints* 
h&dynamic^ 

Charts  Isogonal — An  isogonic  chart* 

(See  Map  or  CharU  Is^imal^ 

Chart,  isagonio  -^—  ^A  map  or  chart 
on  which  the  isotonic  lines  are  marked*  (See 
Map  or  Charts  hogonk*    Lines,  Isogomc) 

Chatierton'8  ComiK^uud.  —  (See  Com* 
pounds  Chatt^tofi s^ 

Chemical  Clause* — (Sec  Change^  Chem- 
tea!,) 

Chcmic^il  Effect— (See  Effect,  CktmicaLy 

Chemical  EqtiiivflleiiL — (See  EquivaUnt^ 
Chemical^ 

Chemical  GalYano-Cautery-— (See  Cau* 
Ury,  CakvanO'Chemka!^ 

Chemical  Phosphorescence, — (See  Pho^ 
pkaresc€fue.  Chemical^ 

Chemical  Fhotoineter.— (See/^^t^i^jyt^/rr, 

Chemleal  Potential  Eneryj^— (See  En* 

€rg)\  C hem  tea  I  Foienhai) 

Chemical  Recorder,  Baiii*s  ^^  — (See 
Recorder t  C/temicalt  Bains.) 

Chemistrj-,  Electro That  branch 

of  deciric  science  which  treats  of  chemical 
compositions  and  dec om positions  effected  by 
the  electric  current*  (See  Electrofysis.  Df 
composition.  Electrolytic^ 

That  branch  of  chemistTy  which  treats  o! 
combinations  and  decompositions  by  means 
of  electricity. 

Electro-chemistry  treats  of  the  formation  of 
new  molecules,  by  the  combination  of  atoms  under 
the  electric  force,  as  well  as  the  decompositioa  of 
EDolccules  t>y  electricity. 

The  action  of  a  series  of  sjwirlcs  passed  through 
sir,  in  forming  nilric  acid,  is  an  instance  of  the 
former,  and  electrolytic  decompositions  in  gen< 
eral  afford  instances  of  the  latter. 

Chimes,  Electric  -^-.  —Bells  rung  by 
the  attractions  and  repulsions  of  electrostatic 
charges. 

The  belb  B  and  B,  Pig.  tat,  are  conductivcly 
connected  to  the/rsM^  ta positive  conductor  -K 


of  a  frictional  machine.  The  bell  C«  is  fnimtatcrf 
from  this  conductor  by  means  of  a  sillc  threajCl, 
but  is  connected  with  the  ground  by  the  metallic 
chain.  Under  thes^e 
circu  m  stan  ces  the 
clapper s«  1,  1,  Insu< 
lated  by  silk  threads, 
t,  t,  are  attracted  to 
B,  B«  by  an  induced 
charge  and  repelled 
to  C,  where  they  lose 
their  charge  only  to 
be  again  attracted  to 
B,  B.  In  this  way 
the  bells  will  con- 
tinue ringing  as  long 
as  the  electric  ma- 
chine is  in  operation. 

Chokiiiff  Coil,— (Sec  Cml,  Chokingly 
Chronograph,  Electrio •  —An  elec- 
tric apparatus  for  automatically  measuring 
and  registering  smaU  mtervals  of  time. 

Chronographs,  though  of  a  variety  of  fonns* 
generally  register  small  Intervals  of  time  by 
causing  a  tuning  fork  or  vibrating  bar  of  rtcd, 
whose  rate  of  motion  is  accurately  known,  to 
trace  a  sinuous  line  on  a  smoke-blacVened  aheet 
of  paper,  placed  on  a  cylinder  driven  at  a  uni- 
form  rate  of  motion  by  clo<.kwork.  If  the  fork 
Is  known  to  produce,  say,  256  vibrations  per 
second  be  u^ed,  each  sinuous  line  will  represent 
gl^  part  of  a  second. 


^.  M2i*  Sltctric  Okim$$> 


An  electro-magnet  is  used  to  make  mark 
the  line  at  the  beginning  and  the  end  of  the 
observation,  and  thus  permit  its  duratCon  to  be 
measured. 

In  the  form  of  electric  chronograph  shovi 
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|l&  Fig,  122|  an  electro-magnet f  tlie  armature  of 
vhich  carri«  a  pen,  U  supported  on  a  carriage 
by  clockwork  over  a  sheet  of  paper 
ipped  on  a  rotating  cylinder.  A  clock  is  so 
connected  with  the  circuit  of  the  electro -magnet 
that  it  makes  or  breaks  the  circuit  at  the  end  of 
every  second  second,  and  so  moves,  or  displaces, 
the  armature,  as  to  cause  an  elevation  or  depres* 
tion  in  the  otherwise  continuous  sinuous  line,  that 
iroiild  be  drawn  on  the  paper  by  the  double 
notion  of  its  rotation  and  the  movement  of  the 
pes -carriage. 

When  It  is  desired  to  know  with  great  precision 
the    exact    time  of   occurrence  of  any    event, 
ch,  for  example,  as  the  transit  of  a  star  over  the 
Uan,  the  observer^  who  carries  in  his  hand  a 
I  button,  or  other  form  of  electric  key,  closes 
i  the  circuit  at  the  exact  moment  and  so 
an  additional  mark  on  the  stnuoui 
Since  the  exact  time  of  starting  the  clock 
>wn,  and  the  intervals  between  the  regular 
sive  marks  are  two  seconds  each,  it  is  ea^  to 
ate  from  its  position  between  any  two  such 
I  the  cx;ict  value  of  the  additional  mark  inter- 
Fig.  122,  taken  from  Young,  shows  a  form 
f  chronograph  by  Warner  &  Swasey.     The  de- 
of  this  apparatus  will  be  understood  from 
I  inspection  of  the  drawing. 

Cliroti04^ra{»h      Eeeord.— {See     Record, 

C1irono«ea|ie,  Electric  - — -  —An  appa- 

itus    for    electrically    indicating,   but    not 

cessarily  recording,  small  inter\'als  of  time. 

I  term  is  often  used  for  chronograph. 
The  interval  of  time  required  for  a  rifle  ball 
{>ass  between  two  points  may  be  determined 
the  ball  lo  pierce  two  wire  screens 
I  a  kfiown  distance  apart.  As  the  screens 
ire  succcnively  pierced,  an  electric  circuit  is 
thns  m*de  or  broken^  and  marks  arc  registered 
dectrlcatly  on  any  apparatus  moving  with  a 
knovfi  Telocity. 

C%«r*Llf]iter,     Electric    —(Sec 

Ugktgr^  Cigar ^  Ekctric) 

CIphfr  Co^^.— {See Cade,  Cipher:^ 

Circll?,  Azimnth The    arc   of  a 

great  circle  passing  through  the  point  of  the 
hravetis  directly  overhead,  called  the  Zenith, 
and  the  point  directly  beneath,  called  the 
Xadlr. 


Circle,  Bippinir  — A  term  some- 
times applied  to  an  inclination  compass,  (Sec 
Compass,  Inciinaiion.) 

Circle,  Qalranie  — A  term  some- 
times used  for  galvanic  circuit.  (See  Circuity 
Galvanic^ 

Circle  of  BeferBiice,^The  circle,  by  refer- 
ence to  which  simple  harmonic  motion  may 
be  studied,  by  comparison  with  uniform  mo- 
tion around  such  circuit.  (See  Motion^ 
Simple  Harmonic.) 

Circle,  ToltAic A  name  formerly 

employed  for  voltaic  cell  or  circuit.  CSee 
Ceil,  Voltaic,    Circuit,  Voltaic^ 

Ctrcuit^  Air- Magnetic  —That  part 

of  the  path  of  a  line  of  magnetic  induction 
which  takes  place  wholly  through  air. 

Circuit,  Alternfltln^  Current A 

circuit  in  which  an  alternating  current  of 
electricity  is  flowing,  (Sec  Current,  Alter* 
nating^ 

Circuit,  Astatic A  circuit  consist- 
ing of  two  closed  curves  enclosing  equal  sur- 
faces. 

A 

\ 


^ 


\ 


Such    a    circuit    is 
not  defected   by  the 
action  of  the  earth's 
field.   The  circuit  dis-  J 
posed,   as    shown    in    | 
Fig.  123^  is  astatic  and  J 
produces    two    equal  ^| 
and  opposite  fields  at 
S  and  S\     (See  Mag*   ^'  i^J-   ^^^tic  Chxmi, 
fti-fism,  Am/i'r^*!  The&fy  of  J) 

Circuit,  Balanced-HetalUc A  me- 

talltc  circuit,  the  two  sides  of  which  have 
similar  electrical  properties. 

Circuit  Breaker.— (See  Breaker,  Circuit,) 

Circuits,  Brokeu ^An  open  circuit. 

A  circuit,  the  electrical  continuity  of  which 
has  been  disturbed,  and  through  which  the 
current  has  therefore  ceased  to  pass. 

Circuit,  Closed  - — —A  circuit  is  closed. 
completed,  or  made  when  its  conducting 
continuity  is  such  thai  the  current  can  pass. 

Circuit,    Closod     Iron-Magnetic 

The   name  applied  to  the  path  of  any  line 


dr.J 
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of  magnetic  force,  which  takes  place  entirely 
through  iron*  steel,  or  other  paramagnetic  sub- 
stance. 
^Cireiiit,  f  lo^d-Loop  Furnllel A 

lety  of  parjilel  circuit  in  wliich  the  lead 
and  the  return  circuit  are  arranged  in  the 
form  of  concentric  circuits,  with  the  recep- 
tive devices  placed  radially  between  them. 

CJrcnft,  Closed«Mji^netic  — —  — A  mag- 
netic circuit  which  lies  wholly  in  iron  or  other 
substance  of  high  magnetic  permeability* 

All  lines  of  magnetic  force  form  closed  drcuits. 
The  term  cloied- magnetic  circuit  is  used  in  con- 
tradistinction to  a  divided  circuit,  or  one  in  whick 
an  air  gap  exists  in  the  subslancc  of  high  mag- 


Fig.  ii4»    ClastdMit^futic  Circuit 

nctic  permeability  forming  the  remainder  of  the 
circuit.  This  introduces  so  high  &  resiitince  that 
such  a  circuit  is  sometimes  called  an  open -mag- 
netic circuit*  An  iron  ring,  such  as  shown  in 
Fig,  124,  forms  a  closed -magnetic  circuiL 

Circuit  Closed-.1iIa;rnetle,f>f  A  t<iiii 

A  closed-magnetic  circuit,  or  closed  lines 
of  magnetic  force  supposed  to  lie  entirely  in 
the  atom  itself. 

The  assumption  of  clo^rd  lines  of  magnetic 
force  in  atoms  or  molecules  was  made  in  order  to 
explain  the  original  polarity  of  the  same,  and  to 
account  for  some  of  tbe  other  phenomena  of 
magnetism. 

When  the  atom  is  subjected  to  a  magnctfffng 
force,  such,  for  example,  as  the  field  of  an  electric 
current,  these  closed  lines  of  force  are  assumed 
to  open  out  and  produce  lines  of  poUrizcd  atoms. 
According  to  Lodge,  for  every  single  line  of  force 
pfoduccd  by  the  current  passing  through  a  coil 
of  wire  surrounding  an  iron  core,  some  3,000 
lines  of  magnetic  force  are  added  to  it  from  the 
iron,  Tljerefore  an  iron  core  greatly  increase* 
the  magnetic  strength  of  a  hollow  coil  of  wire. 


Circuity  Closed-Magnetic,  of  Xoleetile 

— A  closed-magnetic  circuit  assumed  to  Br 

wholly  within  the  molecule. 

As  it  is  not  known  whether  the  assumed  roag* 
nctic  circuit  lies  within  the  atom  or  the  molecule, 
it  is  called  indifferently  the  closedatomic  nr 
closed -molecular  circuit.  (See  Circuity  Chtei 
MagHglic^  of  Ai9m,\ 

Clreuit,     Coniiileted  —A     closed 

circuit. 

A  circuit,  the  conducting  continuity  of 
which  is  unbroken. 

A  completed  circuit  is  also  called  a  made  or 
dosed  circuit* 

Circuit.  Compound A  circuit  con- 
taining more  than  a  single  source,  or  more 
than  a  single  electro-receptiix  device,  or  both, 
connected  by  conducting  wires. 

The  term  compound  circuit  is  somettmej  ap. 
plied  to  a  serif  $  ctratit^  (See  Circutf,  S^ics,) 
The  term,  however»  is  a  t>ad  one,  and  u  not 
generally  adopted. 

Clreiilt,  Consitant-Ciirreiit — A  cip* 

coit  in  which  the  current  or  number  cf  am- 
peres is  maintained  constant  notwilhsuoding 
changes  occurring  in  its  resistance. 

The  series-circuit,  as  maintained  for  arc-lmmps^ 
is  a  constant-current  circuit.  (See  Regu^axUn^ 
Aui&matU,) 

Circuit,     Confttant-PoteBtial  —A 

circuit*  the  potential  or  number  of  volts  of 
which  is  maintained  approximately  constant. 

The  muTtipk-arc  or  parallel  circuit  is  an  ap* 
proximately  con  slant- potential  circuit. 

Cfrcnft,  I>criTrttire A  derived  or 

shunt  circuit.     (See  Circuit,  Shunt) 
Clrcnlt,  Herlred 

A  term  applied  to  a  shunt 
circuit. 

If,  in  addition  to  the  galva- 
nometer G,  the  conductor  S, 
Fig.  125,  be  connected  with 
the  circuit  of  the  battery  B,  a 
derived  circuit  will  thus  be 
established,  and  a  current  will 
flow  through  S.  diminishing 
the  current  in  the  galvanom- 
eter.     tSee  Circuity   SJkunt.) 
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CJrrult,       BlTided-K«f  netiis A 

magnetic  circuit  which  lies  partly  in  iron,  of 
other  substance   of  hi^h  magnetic   perme- 
ability, and  partly  in  air. 
A  divided -ma^etic  circuit  is  shown  in  Fig«  ia6* 


/^p;  /ltd.     Divided  Afa^Kftk  Orcuit^ 

y^heatt  the  iron  ring  is  separated  by  the  air  gap» 
ft  high  magnetic  resistance  is  introduced,  owing 
%tk  fhe  fad  that  the  iron  is  at  these  points  replaced 
^  air,  whose  magnetic  reluctance  is  greaU 

Climlt,  Double-Wire  — —  — A  term 
ioroettmes  used  for  a  simple  multiple  circuit 
with  two  conductors  or  wires.  (See  Circuit, 
Mmltifi/e) 

The  term  double-wire  circuit  is  used  in  contra- 
dirtiiictioii  to  siMgit-wir^  circuit.    (See  Circmtf 

artntt,  EarUl A  circuit  in  which 

the  g^uod  or  earth  forms  part  of  the  con- 
ducting^ path. 

Cirmit,     ^»rfJi»    Telojarraphtc 

That  portion  of  a  telegraphic  circuit  whicli  is 
COCnplctcd  through  the  earth  or  ground. 

Circuit,     Electric  —The    path  in 

i^uch  electricity  circulates  or  passes  from  a 
IJhPCn  pnint,  around  or  through  a  conducting 
patK  back  again  to  its  starling  point. 

All  simple  circuits  consist  of  the  following 
parts  vi^" 

(I.)  Of  an  clectHc  sfiurr^  which  may  be  a 
^9itaU  ^IfTr^  a  thfrm^ile,  a  iiYnam0-ele€inc 
wufkimf^  or  any  other  means  for  prodndng  dec- 

Jt,)  Of  Uadt  or  €onduciori  for  carrying  the 
dectrldly  out  firom  the  source,  through  whatever 
Ippwmtits  14  placed  in  the  line,  and  back  a^in  to 
fte«ottrce« 

(j.y  Various  tte^ro-recef^tme  devices ^  such  as 
deetro- magnets,  electrolytic  baths,  electric 
dcctrlc   heaters,   etc.,    through   which 


passes  the  current  by  which  they  are  actuated  ot 

operated, 

Cfreait,  Dloctrostatk The  circuit 

formed  by  lines  of  electrostatic  force. 

Lines  of  electrostatic  force»  like  lines  of  mag* 
netic  force,  form  closed  circuits.  Hence  the 
origin  of  the  phrase  eUctrostatU  circMii,  (Sec 
Forci^  EtfctrostaHc^  Lines  &/.) 

Circuit,  External That  part  of  a 

circuit  which  is  external  to,  or  outside  the  dec* 
trie  source. 

The  circuit  external  to  the  source  consists  of 
two  distinct  parts,  vi^^ : 

(i.)  The  conductors  or  leads. 

(2  )  The  electro* receptive  or  translating  de- 
vices. 

It  is  in  the  external  circuit  oiily  that  useful 
work  is  done  by  the  current. 

Circuit,  Forked — A  term  sometimes 

used  in  telegraphy  for  a  number  of  circuits 
that  radiate  from  a  given  central  point. 

Circuit,  Galmnlo A  term  some- 

times  employed  instead  of  voltaic  circuit* 

The  term  galraiuc  in  place  of  voltaic  is  unwar- 
ranted by  tlte  fijfccts  of  clecuic  science.     (Sec  0>- 

Galvaui  thcmght  he  had  discovered  the  vital 
Hiiid  or  source  of  animal  life.  Volta  Brst  pointed 
out  the  true  explanation  of  the  phenomena  ob- 
served in  Calvani's  frog,  and  devised  means 
for  producing  electricity  in  Ibis  manner.  The 
terms  voltaic  batt^*^  (cli^  circuity  etc.,  are  there- 
fore preferable. 

Clrcuil^  0miind A  circuit  in  which 

the  ground  forms  part  of  the  path  through 
which  the  current  passes. 

As  the  ground  is  not  always  a  good  conductor, 
the  terminals  should  be  connected  with  the  gas  or 
water  pipes,  or  with  metallic  plates,  C2S\vA  ground 
plates*  Such  connection,  or  any  similar  ground 
connectioOf  is  usually  termed  the  ground  or  earth. 

Circuit,    Oroiiml,  Telegraphic 

An  earth  circuit  used  in  any  system  of  telegra- 
phy,    (See  Circuit,  Earth,  Telegraphic^ 

Circuit,  Ctruuuded  —A  ground  cir- 
cuit. 

Circuit,  Incaniplete  <-^«-Aii  opea  oi 
broken  circuit. 
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A  circuit  whose  conducting  coTitinuit>*  is 
incomplete* 

Circuit,  IiwIttcliTe Any  circuit  in 

which  inductiDn  takes  pbce, 

Clrc*ult,  Internal —That  part  of  a 

circuit  which  is  included  within  the  electric 
source. 

The  electric  current  passing  through  the  inicr- 
nal  circuit  docs  no  useful  work. 

Circuit,  Le|?  of One   part   of  a 

twisted  or  metallic  circuit. 

Circuit,  Lhi© —The  wire  or  other 

conductors  in  the  main  line  of  any  telegraphic 
or  other  electric  circuit 

Clrcnlt,  Urn^    Telegrraplilc The 

conductor  or  line  connecting  diflerent  tele- 
graphic stations. 

Circuit,  Lwiil-Baltery The  cir- 
cuit, in  a  telegraphic  system,  in  which  is 
placed  a  local  battery  as  distinguished  from  a 
main  battery,  (See  Tdegrapky^  Amtrican 
or  Morse  System  of) 

Circuit,  L*>op A  term  sometimes 

applied  to  a  circuit  in  parallel  or  multiplc^^rc* 
(Sec  Circuii.  Mttitiple) 

Circuit  Lf)op  Break.— (See  ^r^tf^.  Circuit 
Loop,) 

Circuit,  Made A  completed  circuit. 

A  circuit,  whose  conducting  continuity  is 
unbroken. 

A  made  circait  is  often  called  a  completed  or 
closed  circuit.     (See  Ciratity  Chstd.) 

Circuit,  Magnetic —The  path  through 

which  the  lines  of  magnetic  force  pass* 
All  lines  of  magnetic  force  form  closed  circuits. 


In  the  bar  magnet,  shown  in  Fig,  127,  part  of 
this  path  is  through  the  air.  In  order  to  reduce 
or  lower  the  rtsistance  of  a  magnetic  drcuit,  iron 


is  often  placed  around  the  magnet.  The  magnet 
is  then  said  to  be  iron^dad. 

The  armature  of  a  magnet  lowers  the  magnetic 
resistance  by  affording  a  better  path  for  the  lines 
of  magnetic  force  than  the  air  between  the 
poles. 

The  magnetic  circuit  always  tries  to  shorten  its 
path,  or  to  render  itself  as  compact  as  possilite. 
This  is  seen  in  the  action  of  an  armature  drawn 
towards  a  magnet  pole. 

Clrcnh,     Main-Buttery  —A    term 

sometimes  used  for  line  circuit.  (See  Circuti. 
LifU.) 

Circuit,  Metallic A  circuit  in  which 

the  ground  is  not  employed  as  any  part  of  the 
path  of  the  current,  metallic  conductors  being 
employed  throughout  the  entire  circul^ 

Clrenlt,  Multiple ^A  compouna  cir* 

cuitj  in  which  a  number  of  separate  sources 
or  separate  electro-receptive  devices,  or  bolh» 
have  all  their  positive  poles  cotinected  to  a 
single  positive  lead  or  conductor,  and  all  their 
negative  poles  to  a  single  negative  lead  or 
conductor. 

The  connection  of  three  Bunsen  cells,  in  mul* 
tiple,  is  shown  in  Fig.  128,  where  the  three  car* 


bons,  C,  C,  C^  are  connected  together  so  as  to  form 
the  positive,  or  -|-  terminal  of  the  bittcry,  and 
the  three  zincs*  Zn,  Zn,  Zn,  are  similariy  con* 
nectcd  together  so  as  to  form  the  negative,  or  — 
tcmiinaJ* 

The  electromotive  force  is  the  same  :is  that  of 
a  single  cell,  or  source.  The  internal  resistanct 
of  the  source  is  as  much  Ic&s  than  the  resistance  of 
any  single  source  as  the  area  of  the  combined 
negative  or  positive  plates  is  greater  than  that  of 
any  single  negative  or  positive  plate;  or,  in  othci 
words,  is  less  in  proportion  to  the  number  of  cells, 
or  other  separate  sources  so  coupled. 

The  connection  of  six  cells  in  multiple  or 
parallel  circuit,  is  shown  in  Fig,  129, 


CIr.l 


M  ^^^^^^^       (Cir. 


» of  fbe  six  cells,  the  current  would 


whtrr  £^  Is  the  dectromotlve  force,  r,  the  lo. 
tentti,  and  r\  the  external  resistance. 


sources,  or  separate  electro-receptive  de\nces, 
or  both»  are  connected  in  a  number  of  sepa- 
rate  groups    in  series,  and  these  separate 
groups  subsequently  connected  in  multiple. 
In  Fig*    130,   a  inultiple^series  drciiit  of  sis 
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F^,  /Jf.    Six  Ckllt  CmtucUdm  MmUi^U, 


la  the  cue  of  Toltaic  cells  the  e0cct  of  multiple 
ooanectioaoatbeiotenial  resistance  of  t!ie  source 
k  Id  increase  th^  area  of  cross-section  of  the 
li(|iiid  la  die  dircc*^  proportion  of  the  number  of 
embedded,  end  consequently  to  decrease  the  re- 
t  ill  de  same  proportion* 
VThen  strong  or  large  currents  of  low  electro. 
odve  6uxe  are  required,  connections  in  multi« 

:  are  generally  employed. 
fThe   multiple-arc   connection    was     formerly 
I  imm^ttwn-for  quantity^    This  term  is  now 
"abandoned. 

The  tot^  leiktaiice  for  the  parallel  circuit  is 
f^hfrin*^  as  Iblbwsi  caLHng  the  separate  resist- 
■neci  of  the  separate  electro-receptive  devices, 
R*,  R",  R"\€tc.,  etc.,  etc,,  total  resistance, 

R   R-  +  R"  K"  4-  R  R  *' 

er,  wliet  ^  the  <ame  thinj^,  the  conductivity  Is  the 
•um  of  the  reciprocal  of  the  separate  resistances, 

Condttctirity  ■=  -jp-  +  kT  "^  "W^' 

The  Jobit  resistance  of  only  two  separate  resist- 
ances joinod  in  a  multiple -circuit  is  cqtial  to  the 
product  of  the  separate  resistances  divided  by 
^dr  suau 

Wben  the  separate  resistances  joined  in  multiple 
ttearv  all  of  the  same  value,  the  joint  resistance  is 
«^  to  the  resistance  of  one  of  them  divided  by 
Mr  nttmbcr* 

CfteiiitMttUlple-Aro  — A  term  often 

«ed  lor  loalliple  circuit.    (See  Circuit,  Mul» 

Orrslt,  Xnltipl^^rles A  com* 

E  circuil  la  which  a  number  of  separate 


sotiTces  is  shown,  in  which  three  separate  groups 
of  two  series-connected  celts  are  coupled  in  muld* 
pie.  The  current  takes  th e  paths  indicated  by  the 
arrows.  The  electromotive  force  of  the  source 
will  be  increased  in  proportion  to  the  number  of 
cells  (n  senes,  and  the  internal  resistance  de- 
creased in  proportion  to  the  number  in  parallcL 


Fig.  I  Si*    C*Ut  Cmm$€t4d  im  Muii^^Strk9. 

C 3L_ 


1. 


a 


+  r% 


la  Fig.  131,  six  celb  are  arranged  in  two 
groups  of  three  series-connected  cells,  and  these 
three  groups  connected  in  poralleL 

Catling  r,  the  resistance  of  each  separate  cell, 
the  total  resistance  for  the  multiple^series  circuit 
for  a  circuit  containing  three  cells  in  parallel  and 
two  in  scries  is. 


R« 


5 


for  three  in  series  and  two  In  paraUe!, 
R=      .^'" 

liy  therefore,  the  circuit  of  this  battery  be 
closed  by  a  resistance  equal  to  r,  the  current 
would  be  in  the  case  of  Fig.  130, 

2E 


C=. 


3 


<?,<iQn<^^ 
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Cirentt,  NcgatlTo  Sid©  of The  skle 

ol  a  circuit  opposite  to  the  positive  ^ile. 
(See  Circuit  F&uiivt  Side  of,) 

ThAt  side  or  ha!f  of  &  circoit  connected  to  or 
leading  from  the  posidTe  terminal  of  the  source  of 
curent. 

Circuity  Open A  broken  circuit. 

A  circuit,  the  conducting  continuity  of 
which  is  broken. 

ClreuJt^    Openlroii    Mn^netie 

The  path  of  a  line  of  magnetic  induction, 
which  passes  partly  through  iron,  and  partly 
through  an  air  space, 

Tl\e  magnetic  circuit  is  always  closed,  that  is 
the  lines  of  magnetic  force  always  form  closed 
paths.  The  term  <'open  ^*  is  used  in  contradis- 
tinction only  to  **  closed  "  iron  magnetic  circuit, 
in  which  the  entire  path  of  a  line  of  fiorce  passes 
through  iron.     (See  Circttif,  Mapt^tic) 

Circoft,  Parallel  — -^A  name  some- 
times applied  to  circuits  connected  in  mul- 
tiple*    (See  CircuU^  Muliipk,) 

Circuity  Fiirallel-Tri^e  — A  form  of 

parallel  circuit  in  which  the  receptive  devices 
are  placed  in  parallel  between  the  leads  and 
returns,  and  the  branches  and  sub-branches 
arranged  in  a  tree-like  form. 

Circuit,  Positive  Si*le  of  ^ That  side 

ol  a  circuit,  bent  in  the  form  of  a  circle,  in 
which,  if  an  observer  stood  with  his  head  in 
the  positive  region,  he  would  see  the  current 
pass  round  him  from  his  right  hand  to\vards 
his  \dU—(DaniW/:) 

Cireolt,  Recall  ~  — A  term  sometimes 
applied  to  the  circuit  that  lies  in  the  aitema- 
live  path  of  a  dischaiigc.     (Sec  /*<iM,  Alier^ 

Cirentt,  Return That  part   of   a 

circuit  by  which  the  electric  current  returns  to 
the  source. 

In  a  multiple-circuit  the  lead  that  is  con- 
nected to  the  negative  terminals  of  the 
separate  sources, 

Cirenit,  Series  — A  compound  cir- 
cuit in  which  the  separate  sources,  or  the  sep- 
arate electro-receptive  devices,  or  both,  are  so 
placed  that  the  current  produced  in  each,  or 
passed    through    each,    passes    successively 


through  the  entire  circuit  from  the  first  to  the 


last. 


The  six  cells,  shown  in  Fig.  152,  are  cotmected 
in  series  by  joining  the  positive  pole  of  each  cdl 
with  the  negative  pole  of  the  succeeding  cell,  the 
negative  and  positive  poles  at  the  extreme  ends 


being  connected  by  conductors  with  the  external 
circuit. 

The  connection  of  three  Leclanch^  cells  tm 
series  is  clearly  shown  in  Fig.  133.    The  cartMiis» 


2»- 


Zn- 


C  + 


lA' 


C,  C.  of  the  first  and  second  cells  are  coonected  to  I 

the  tines.  Zn,  Zn,  of  the  second  and  third  cdls, 
thus  leaving  the  xinc,  Zn,  of  the  first  cell,  and  the 
carbon,  C»  of  the  third  cell,  as  the  terminals  of 
the  lnUf^ry^  The  direction  of  the  current  is 
shown  l>y  the  arrows. 

The  resistance  of  such  a  connection  Is  equal  to 
the  sum  of  the  resistance  of  aU  of  the  separate 
sources,  1 

The  electromotive  force  is  equal  to  the  sum  <M 
the  Separate  electromotive  forces. 

If  the  electromotive  force  of  a  single  cell  is 
equal  to  £,  its  internal  r^istaace  to  r,  and  the 
resistance  of  the  leads  aod  dectro-reoepdve  da* 
vices  to  t\  then  the  current  in  the  circuit, 

E 


C=== 


r  +  r-' 


If  six  of  such  cells  are  coupled  in  series,  thec«r> 
rent  becomes 


If,  however,  the  internal  resistance  of  each  cell  1 
so  small  as  to  be  neglected,  the  formula 

r      ^^- 

r 


p  -or  liie  currenl  is  sul  times  a«  i^reat  as  mxh  one 
tiL 

The  told  rattrtince  of  the  separate  sources  or 
electfo-reccptire  devices  of  the  aeric*  circuit  is 
asfoUows,  calling  R,  R'%R',  etc*,  the  separate 
fc^taitcc  &nd  R,  the  total  rcdi&tanct, 
R^R  +R  4-R  »etc. 
TUe  scries  connection  of  battery  cells  is  used 
on  ieUgrapk  littf^s^  where  a  high  tUctronu^tive 
f^rctii  rfqutr^d  in  order  to  overcome  a  consider- 
aUIc  resiitanre  in  tUc  circuity  or  iu  stmilir  cases 
m\ktx^  tlie  fcaistance  in  tlie  exteiiial  circuit  is 
great,  on  account  of  a  numbcrof  electro  receptive 
devices  being  connected  to  the  line  \\\  series. 

The  series  connection  was  formerly  called 
0mH€iUn/&r  in^msity^  The  terra  is  now  aban- 
looed« 

Circuit,  Beries-Multiple A  com- 

tid  circuit,  in  which  a  number  of  sepajate 

s,  or  separate  electro-receptive  devices, 

[  <or  both,  are  connected  in  a  number  of  sepa- 

late  crou|)s  in  niiiltiple-arc,  and  these  sepa- 

rMc  groups  subsequently  connected  in  series. 

In  the  ioies'inultiple  circuit  the  resistance  of 
eftich  multiple  group  is  equal  lo  the  resistance  of 
a  single  branch  divided  by  the  number  of  branches. 
11,  for  example,  r,  is  the  resistance  of  each  sepa- 
-MB  hffWidi  of  say  seven  parallel  circuits  m  each 
'  <flf  Ifee  separate  groups  of  multiple  circuits,  then 
the  rcsJstance,  R,  of  each  separate  multiple 
gcoiip  is — 

R  =  JV 
7 
The  to^  reaktanoe  oi  the  series- multiple  ^^ 

cuit  is  equal  to  the  sum  of  the  resistances  of  the 
separate  multiple  groups.  The  total  resiMance  of 
the  three  groups  is— 

7         7        7         7 
An  example  of  the  series- multiple  circuit  h 
shovn  m  Fig.  134,  which  is  the  method  adopted 


/*«-•   'J/'      SgTUt'.^fuUi^  Circuit. 

m  the  twe  of  distribution  boxes,  tfereanumbcr 
c  multiple  groups  or  circuits  are  connected  with 
<«eh  oilier  in  sems,  as  thown,  (See  Box,  Dis^ 
#rffcrtto,  /itr  Arc  Ligki  Cireuits, ) 

OfieaH*  SJMTt A  shtint.  or  by-path. 


of  comparatively  small  resistance,  around  the 
poles  q£  an  electric  8oiu'ce«  or  around  an> 
portion  of  a  circuit,  by  which  so  much  of  the 
current  passes  through  the  new  path,  as  vir- 
tually to  cut  out  the  part  of  the  circuit  around 
which  it  is  placed,  and  so  prevent  it  from  re- 
ceiving an  appreciable  current. 

Circuit,  8hniit —A  branch  or  addi- 
tional circuit  provided  at  any  part  of  a  cir- 
cuit, through  which  the  current  branches  or 
divides,  part  flowing"  through  the  original  cir- 
cuit, and  part  through  the  new  branch, 

A  shunt  circuit  is  in  multiple  circuit  with  the 
circuit  It  shunts. 

In  the  case  of  branch  circuits  each  of  the  dr. 
cults  acts  as  a  sJiuiit  to  the  others.  Any  number 
of  additional  or  shunt  circuits  may  be  thus  pro. 
vided,     (See  Laws,  Junhhaff^s^"^ 

Circuit,  81mple ^A  circuit  containing 

a  single  electric  source,  and  a  single  electro* 
receptive  device,  connected  by  a  conductor. 

The  term  simpU  (iratii  is  sometimes  applied 
to  a  multiple  circuit.  The  term  is  not,  however, 
a  good  one,  and  is  not  in  general  use. 

Circuit,  Single-Wire A  term  some- 
times used  for  a  grounded  circuit,  (See 
Circuity  Grounded^ 

The  single- wire  circuit  is  sometimes  used  in  the 
distribution  of  incandescent  lamps  in  muttiple*arc« 
One  pole  of  tnedynamoisput  to  ground,  and  the 
other  pole  to  a  single  wire  or  lead.  The  electro- 
Inceptive  device  have  one  of  their  poles  con- 
nected to  thiS  lead  and  the  other  pole  to  earth. 
The  single- wire  circuit  is  a  very  objectionable 
circuit  so  far  as  safety  ii  concerned.  1 

It  is  fre<]uendy  used,  however,  in  the  winng  ol 
ships. 

CIrmill*  Through A  telephonic  or 

telegraphic  circuit  that  has  been  completed 
through  to  a  given  station  by  cutting  out  inter- 
ruptions or  breaks  in  the  line  by  the  connec- 
tion together  of  sections  of  different  wires. 

Circuit,  Timc-Conalant    of The 

time  in  which  a  current  due  to  a  constant 
electromotive  force  will  rise  in  a  conductor 
to  a  definite  fraction  of  tts  auximum  value. 

The  ratio  of  the  inductance  of  a  orcuit  ti 
its  resi^ance. 
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The  time  required  from  the  mornent  of 
closing  the  circuit,  for  a  current  to  rise  ta 

n  value  equal  to  ^^^    of  the  full  value,  or 
e 

4632  of  the  maximum  value. 

In  the  above,  e,  equals  2.71S28,  or  the  base  of 
the  Napierian  system  of  logarithms. 

The  time -constant  is  proportional  to  the  con- 
ductivity of  the  circuit  and  its  forma!  resistance. 

Approximatdy  the  time  constant  of  a  circuit  is 
the  time  from  closing  the  circuity  in  which  the 
current  risea  to  two-thirds  of  its  maximum  value, 
this  maximum  value  being  determined   by  the 

formula,  C  =  ,^ 
K. 

The  time- constant  of  a  circuit  may  be  reduced^— 

(t.)  By  decreasing  the  self-induction  of  the  cir> 
cult 

(2»)  By  increasing  the  resistance. 

In  the  case  of  a  magnetic  conductor  the  time- 
constant  Is  proportionaL  to  a  quantity  (the  pemie- 
ability)  which  is  determined  by  the  capacity  of 
the  conductor  to  utilize  part  of  the  energy  m 
producing  magnetixation  of  its  substance.  ^(/7/*«- 

Ctrcnit,  Yoltaic The  path  through 

which  the  current  fiows  out  from  a  voltaic  cell 
or  battery,  through  the  translating  devices 
and  back  again  to  the  cell  or  bp*tery. 

Glrcuita^  Forked A  term  employed 

in  telegraphy  to  mdicate  circuits  that  radiate 
from  any  single  poinL 

Forked  circuits  are  employed  in  simultaneously 
transmitting  messages  to  several  stations. 

|€iF€ults,  Varieties  of Conducting 

paths  provided  for  the  passage  of  an  electric 
current. 

Ekctric  circuits  may  be  divided^  according  to 
their  complexity,  into — 

(I.)  Simple- 

(2.)  Compound. 

According  to  the  peculiiritiea  oS  their  connec- 
tions, into— 

(tr)  Shunt  or  derived. 

(2,)  Series. 

(3,)  Multiple,  multiple -arc  or  parmUd. 

(4.)  Multiple-series. 

(5.)  Series -multiple* 

Either  the  circuits,  the  sourceSt  or  the  electro- 


receptive  devices  maf  be  cotmected  in  series,  in 
multiple,  in  multiplc-series  or  in  series- multiple. 

According  to  their  resistancei  circutta  are 
divided  into— 

(I.}  High* resistance. 

(2.)  Low-resistance. 

According  to  their  retadon  to  the  electric 
source,  into — 

(I.)  Internal  circuits. 

(2*)  External  circuits. 

According  to  their  position,  or  the  work  done, 
circuits  are  divided  into  very  numerous  classes^ 
thus,  in  telegraphy,  we  have  the  following^  ris*t 

(t.)  The  line-circuit 

(2. )  The  earth  or  ground  rircult. 

(3*)  The  local-battery  circuit. 

(4,)  The  tnatn-battery  circuit,  etc. 

Circular  BelL— (See  BeU,  Circular.) 

Circular  Units,— (Sec  l/mis,  Ctroilar.) 

Circular  Units  (Crofts-Sectlons),   Tabtl 

of ^(See    UniiSi  Circular  (Cross*S^C' 

iions),  Ta^Uo/:^ 

Clamp,  Carbon A  carbon  clutch* 

{See  Clutch,  Carbon^  of  Arc  Lamp^ 

Claiti|i  for  Arc  lamps.— A  clamp  foe 
gripping  the  lamp-rod,  /,  c,  the  rod  that  sup- 
ports the  carbon  electrodes  of  arc  lamps, 
(See  Lamp,  Electric,  Arc) 

Ctamp,  Rod A  carbon  clutch.  (See 

Clamp  for  Arc  Lamps  ^ 

Cla  rk '«  €  <*m  p<>u  nd. — ^(Sec  Compound^ 
Clark*i.\ 

Clark^s  Standard  Voltaic  Cell,— (See 
Gf//,  Voltaic t  Standard,  Clark* s^ 

Clark^s    Standard    Toltalo    Cell,  Ray- 

lelgh'H  Form  of —(See  Cell,    Voltaic, 

Standard^  Rayleigh*s  Form  of  Clark* s,) 

Clay  Electrode.— (See  Electrode,  Clay.) 

Cleansiog,   Fire The    removal    of 

grease  from  metallic  articles,  that  are  to  be 
electro-plated,  by  subjecting  them  to  the  action 

of  heat* 

This  cleansing  is  for  the  purpose  of  obtaining  a 
uniform,  adherent  coating. 

Clearaiice-Space.^See  S^ace.  Ciiaramr) 
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Cleeriii^-Oat  0rop«.— (Sec  Dr&ps,  Cimr- 

Cleat  Cro88in(c A  cleat  so  arranged 

as  to  permit  the  crossing  of  one  pair  of  wires 
under  or  over  another  pair  without  contact 
with  each  oth  en 

CleaVWlrliig.— {See  lVir/n^,CUaO 

Cleatf^  EleetHo -Suitably  shaped 

pieces  of  wood,  porcelain,  hard    rubber    or 
Lfyther  non-conducting  material  used  for  fasten- 
fing  and  supporting   electric  conductors  to 
ceilings,  walls,  etc. 

A  fimple  fox-ni  of  wooden  cleat  is  shown  in 
1^-  *35 


ICl^pejdra,  Hectric — An  instrunnent 
for  measuring  time  by  the  escape  of  water  or 
Olhcr  liquid  under  electrical  control 
Clfmliera,  Pole  — 
v-Devices  employed  by 
tnemen    for    climbing 
wooden  telegraph  poles, 
A  climber  wttls  straps 
iw  attachment  to  the  kg 
mid  loot  is  shown  in  Fig. 

Clip,  Cable A 

lenn  sometimes  used  for 
cable  hanger,  (See 
Hanger,  CabU.) 

Clock,  Electric 

—A  clock,  the  works  of 
which  arc  moved,  con-  Fi^,  136.   ctimheramd 
UoUcd.     regulated     or  ^''^>*'* 

wound*  either  entirely  or  partially,  by  the  elec- 
tric current* 

Electric  docks  may  be  divided  into  three 
cUiMs,  viz,: 

(t*)  Those  in  which  the  works  are  moved  en- 
lirdf  or  partially  by  the  electric  current, 

(a.)  Those  which  arc  control]^  or  r^ulated 
by  the  electric  current 


OocA. 


(3.1  Those  which  are  merely  wound  by  the 
ciirrent. 

A  dock  moving  independently  of  electric  power 
is  prevented  from  gain*        ^ 
ing   or  losing  time,  by  '"^^ 
means   of   a  alight  re- 
tardation  or  acceleration 
electrically      imparted. 
The    entire    motion    of  /      ^^  <^     [H 
the    balance    whed    is  j 
sometimes  imparted  by  ' 
electricity. 

An  example  of  one  oi 
many  forms  of  control!' 
ing  electric  clocks  is 
shown  in  Fig.  137* 
where  the  split  battery 
(See  Baiiery,  Split),  P 
N,  is  connecteoi  as 
shown^  to  the  spring 
contacts  S  and  S'.  In  this  way  currents  are  sent 
into  tbe  circuit  in  alternately  opposite  directions* 

The  pendulum  bob,  Fig*  138,  of  the  con- 
trolled dock  is  formed  of  a  hollow  coil  of  insu- 
lated wire,  which  encircles  one  or  both  of  two 
permanent  magnets,  A  and  X\  placed  with  their 
opposite  poles  &cing  each  other. 

\Vben  the  pendulum  of  the  controlling  dock  is 
in  the  position  shown  in  Fig,  137,  the  current 
passes  in  the  direction  E  P  Sn  W,  etc.,  and  through 
the  coil  C,  Fig.  138.  When  the  pendulum  of  the 
controlling  clock  is  in  con- 
tact with  S*,  the  current 
flows  through  \Vn  S'  N  E, 
etc.,  and  through  the  coil 
C  in  the  opposite  direc- 
tion* In  this  manner  a 
slight  motion  forwards  or 
backwards  is  imparted  to 
the  pendulum,  wbich  is 
thus  kept  in  time  with  the 
controlling  dock. 

Mercury     contacts     are 
sometimes     employed      in 
place  of  the  springs  S  and    ^ 
S\  Induction  currents  may  Ac 
also  be  employed. 

Clocks  of  non-cleclric  ac- 
tion may  be  dcctrically 
controlled,  or  correctly  set  at  oertaJn  intervals, 
either  automatically  by  a  central  clocks  or  by  the 
depression  of  a  key  operated  by  hand  from  an 
adtrooomical  observatory* 


^\ 


Fff.  rj8.    ConiroUeit 
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In  a  sf  stem  of  Hw%t4eUgtapky^  the  GonlrolUng 
dock  is  called  the  nmster  dock,  and  the  con- 
trolled docks,  the  $ecaudAry  tlocks^ 

Secondary  docks  arc  gexierallj  mere  dials,  con  • 


Fig,  rs9*   MKhmdrm^Stcmtdmry  Cbei, 

taJntDg  step-hy'Step  mffpements^  for  roOTing   the 
hour,   minute  and  second  hands,  as  shown  in 

In  SpelHer*s  clock,  a  series  of  armatures  H, 
F%.    140^  moanicd  on  tlie  circumference  of  a. 


/7i^  940,    SpiUier^i  Elfctn'c  Clock, 

fvbcd,  connected  with  the  escapement  wheel, 
pass  succcsavdj,  with  a  step-by -step  movanent, 
over  ihe  poles  of  electro-magnets;.  On  the  com- 
pletion of  the  circuit,  they  are  attracted  towards 
(he  magnet^  and  on  the  breaking  of  the  circnit 
they  are  drawn  away  liy  the  £all  of  the  waght  F, 
placed  on  the  lever  D,  pivoted  at  EL  A  pulley  at 
E,  runs  over  the  surface  of  a  peculiarly  shaped 
cog  on  the  escapement  wheel 

Cl4>ek,  Electric   Annunciator ^A 

clock,  tlie  hands  or  works  of  which,  at  cer- 
tain predetermined  times,  make  electric  con^ 
tacts  and  thus  ring  bells,  release  drops,  trace 
records*  etc. 


aock,  Eleetrleol^ontrolllB^ —In 

a  system  of  time  teleg^raphy,  the  master  dock, 
%vhose  impulses  move  or  regulate  the  secovsd- 
ary  docks.     (See  Clock,  Electric.) 

Clock,  Electrically-Controlled In 

a  system  of  time  telegraphy,  a  secondary 
clock,  that  is  either  driven  or  controlled  by 
the  master  clock.    (See  Clock,  Electric^ 

Clock,  Electrolytic,  Tesla's A  time 

piece  in  which  the  rotation  of  tlie  wheel  work 
is  obtained  by  the  difference  in  weight  of  the 
two  halves  of  a  delicately  pivoted  and  well* 
balanced  wheel  placed  in  an  electrolytic 
bath. 

In  the  dectrolytic  dock  of  Nikola  Tcsla,  a  deli. 
catdy  Ibrmcd  and  balanced  disc  of  copper  b  sup- 
ported on  a  horixontal  axis  at  ri^ht  angles  to  the 
shortest  distance  between  the  two  dectrodes,  and 
placed  in  a  bath  of  copper  sulphate.  Its  tm 
halves  become  respectively  electro -positive  and 
electro-nefjative  when  a  current  is  passed  through 
the  bath,  and  consequently  metal  is  deposiled  on 
one  half  and  dissolved  from  the  other  halL  The 
rotation  of  the  disc  under  the  influence  of  gravity 
is  caused  to  mark  time. 

An  electrolytic  clock  could  therefore  be  made 
to  answer  roughly  as  an  electric  racter. 

Clocks  Master The  central  or  con- 
trolling clock  in  a  system  of  electric  tirae-4is- 
tribution,  from  which  the  time  is  transmitted 
to  the  secondar)'  clocks  in  the  circuit,  (Sec 
Clocks  Ekctric) 

Clock,  Secondary Any  dock  in  a 

system  of  time  telegraphy  that  is  controlled 
by  the  master  clock.     (See  Clock,  Etectrit^) 

Clock,  Self-Winding A  clock  that 

at  regular  inlen'als  is  automatically  wound  by 
the  action  of  a  small  electro-magnedc  motor 
contained  within  it. 

This  motor  is  usually  run  by  one  or  more  vol- 
taic odisy  concealed  in  the  case  of  the  dock* 

Clos^d-Circnlt— (See  Circuit,  Closed) 


BatteiT,-^(See    Battery, 


Closed-Circuit 

Closed-Circuit,) 

Closi^d-Circuit,  Single-Current,  Sl^ut* 
ing  — (See  Sig^naling,  Sif^lr-Cttrrmi, 

CloseiUCirnny  \ 
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ClflWi  ClTCTlt  Tlii^rmosUi.— (S<%  Tktr- 
mosiai^  Clased'Circuit^ 

CliHi  Clwnit  Ydltai^;  Cell^(See  Cell, 
PUGftur,  Ctosed-Circmi) 

aoaea-CiiTQlt  Toltmeter.— (See  F<7//- 
mieitr^  Clastd^ircuit^ 

Cla»A-€lrfiuted,~P1aced  in  a.  dosed  or 
pJeied  circuit. 

A  voltaic  batter^i  or  other  scarce*  is  closed- cir- 
91  Its  poles  or  terminals  arc  dectrically 
cOBZiccticid  wiHi  each  other. 

Cltiwi  Circuited  Coiidiictan^(See  Cou^ 
diMi&r^  Clostd-Circuittd,) 

CliMed-C  i  rani  a  r  Curre  n  t,— (See  Current ^ 
Cbrnt'Circuiar.) 

Ci<»gd  Coll  Disc  BynuJiia-Electric  Ha- 
emae,^<See  Machine,  Dynamo-EJectrie^ 
Owd-Ccil  Disc.) 

Claia4?4-C»il  Drum  ]>}iiamo-Elei'irie  Mar 
—  fScc  Machine.  Dynamo^EUctric^ 
Q^sad-Coii  Drum:) 

Clifei«€on  ^^ftTnO'Elertrie  nacMiie.— 
(See  Machifti,  Dynamo^ Electric,  Closed- 
CM} 

ClMftd-Codl  EiM^  BjuiuiafKElaetrLe  Ka^ 
C^itt*. — (See  Machine^  Dym^mo~EUctric^ 
ChudCmi  Ming.) 

Cliwid  Iron-CircqU  TrADKf4»niier.^(Sce 
Tlmmformer,  Closed^Iron-Circuii.) 

CSkoei-Loop  PamllerCIrcnIt.— (See  Or- 
mUk  aas^L>afi  Paraliei:) 

€l4iwd*Va^etie  Circuit— (See  Circuit,  - 
Qmid-Me^neiic) 

Ootei-Hl^iietic  Core.— (Sec  Core,  Closed* 

aMQre.--The  completion  of  an  electric 
csiiujC* 

Cloth  Discs*  Carbonized,  far  High  Bo* 

iistaDces  — ^  — Discs  of  cloth  carbonized  by 

heating  to  an  exceedingly  high  temperature 

in  a  vacuuzn.  or  out  of  contact  with  air. 

Met  carlMmatioci  the  discs  rctam  their  flex- 

ifllidty  and  serre  admir«b!y  for  higk 

When  pikd  tof^edier  and  placed  in 

lnie%  tbcf  krm  excellent  ^iiriaUe  loiil. 

I  when  sabjectfid  to  v^cying  pressure. 


eiuli^F^led     Mafnel— (See     Af^ml, 

Cluh-Faoted) 
Clnt'ch,  Carbon «  of  Arc  Lanp A 

clutch  or  clamp  attached  to  the  rod  or  other 
support  of  the  carbon  of  aa  arc  Iamp»  pro- 
vided for  gripping  or  holding  the  carbon. 
(See  Lamp,  Electric  Arc) 

Clutt'h  Rod.— (See  Rad,  C&fftk-) 
Coafliig^  Metal  Ik A  ccjvering  or 

coaling  of  metal,  usually  deposited  from 
solutions  of  metallic  sails  by  the  acfiion  of  an 
electric  current .    (See  Platimg^  EUthro.) 

Coatiit^  of  Condenser. — A  sheet  of  tin 
foil  on  one  side  of  a  Leyden  jar  or  condenser, 
directly  opposite  a  similar  sheet  on  the  other 
side  for  the  purpose  of  receiving  and  collecting 
the  opposite  charges.  (See  Jar,  Leyden* 
Condenser) 

Coatings  of  Ley  ilea  Jor^.— The  sheets  of 
tin  foil  or  other  conductor  on  the  opposite 
sides  of  a  Leyden  jar  ©r  condenser.  (See 
Jar,  Leyden,    Omdirtsirr,) 

Code,  Cipber A  code  in  which  st 

number  of  words  or  phrases  are  represented 
by  single  woids^  or  by  arbit  nary  words  or  sji- 
lables^ 

The  message  thus  received  requires  the  poscs- 
sion  of  the  key  to  render  it  iotelligihle. 

Code;Telegrraph!c Theprc-^arranged 

signals  of  any  system  of  telegraphy.  (See 
Alphabet^  Telegraphic.  Alphabet,  TeU^ 
graphic.  Morsels.  Alphabet,  TBlegraphic^ 
Internaii&nai  Code) 

Co-efltcfenf,  Algebraic A  number 

prefixed  to  wc\r}  cjuantily  to  indicate  how 
tnany  times  that  qtiantity  »  to  be  taken. 

The  nitmber  3,  in  the  expresEioa  3a»  is  a  co- 
efBcient  and  indicaJ^  that  Lhe  a^  is  to  be  taken 
three  times*  i*a-[-a-J-a^^3a, 

Co-efltcl€iit»   Eeonomity  ef  a    Dynamo* 

Electric  MaclLiiie ^The  ratio  between 

the  electrical  energy,  or  the  electrical  horses 
power  of  the  current  produced  by  a  Hynanao, 
and  the  mechanical  hooc-powcr  expended  in 
driving  the  dynamo.* 

The  ecoDOoiic  CD-effidoit  is  usually  called  the 
effideocy. 
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The  efficimcy  may  be  the  €&mmirdal  fffi* 
dency^  which  is  the  useful  or  Available  energy  in 
the  eatternal  circuit  divided  by  the  total  mechAJi* 
ical  energy;  or  it  may  be  the  itectrical  tffidm€y^ 
which  is  the  available  electrical  energy  divided 
by  the  total  electrical  energy. 

The  eJgiHemy  of  cQtn'mion  is  the  total  elec- 
trical  energy   developed,  divided    by   the  total 
mechanical  ener^ry  applied. 
If  M^  equals  the  mechanical  energy, 
W,  the  useful  or  available  electrical  energy, 

and 
w,   the  electrical  energy  absorbed  by  the 

machine,  and 
m,  the  stray  p<norr,   or  the  power  lost   in 
friction,  eddy  currents,  air  friction,  etc. 
Then,  since 

M=W4-w  +  m, 
The  Commercial  Efficiency 
_  W__  W 

-    M'^W  +  w  +  m* 
The  Electrical  Efficiency 
_      W 
W4-W 
The  Efficiency  of  Conversion 

_W-f_w^      W  4^  w 

M      ^  W  h  w  +  m* 

'  €o-«fllct«Dt  of  Electro-MAgnetlo  Iti^rtio* 
^(Sce  Jntrtia^  EUctr&'Magn€tiCt  Coeffi- 
cient of.) 

CtFefflelent  of  Exi»atiHloii. — (Sec  Expan- 
if  on.  Coefficient  o/,) 

Co-efflcieitt  of  Eximngioti,  Linear 

(See  Ejcpamion,  Linear,  Co-efficieni  of.) 

€o-elQcietii  of  Magnetic  Indnctioiu — (See 
induction.  Magnetic,  Co-effkiait  o/,) 

Co-efflciont  of  Magrnetlzatloiu — (S^^ 
Magnetization,  Co-efficient  of.) 

€o>efflcient  of  Mntuallndiietaiice. — (See 
Inductance,  Mutual,  Co-efficient  of.) 

Co^fliclcnt  of  Miitiial-IndiictiOEU — (See 
induction,  Mutuat,  Co-efficient  of) 

€o-€fficEent  of  Si4f-Iiiiluctloii. — (See  In- 
duction, Self,  Co-efficient  of,) 

Cwrcitlv©    Force,— (See  Force,    Coerci- 

CoerciTe  Force. — i^extForce^  Coercive) 
Coilf  CliokiiMr ^A  coil  ol  wire  so 


wound  on  a  core  of  iron  as  to  possess  high 

self-induction. 

Choking -coUs  are  used  to  obstruct  or  cut  oS  ^n 
alternating  current  with  a  loss  of  power  less  than 
with  the  use  of  a  mere  ohmic  resistance* 

Fig.*  141  shows  a  choking^coit.  It  comists  d 
a  circiilar  solenoid  of  insulated  wire,  wound 
on  a  core  of  soft  iron  wire.  A  thorough  divis- 
ion of  the  core  is  obtained  by  forming  it  of  cotJs 
of  Insulated  iron  wire.  In  this  way,  no  eddy 
currents  are  produced  in  the  cot).  When  a  simple 
periodic  electromotive  force  is  appUcd  to  the 
terminals  of  such  a  coil,  If 
the  magnetic  permeability 
of  the  coil  is  constant,  a 
simple  periodic  current  is 
produced,  which  lags  be- 
hind the  phase  of  the  im- 
pressed electromotive  force 
by  a  constant  angle.  If  ^t^^rs**  C4#fe'[^ 
the   impressed     dectnoroo*  ^'* 

tlve  force  is  sufficiently  great  to  more  than  satu. 
rate  the  core,  the  choking  coil  ceases  to  choke 
the  current.  The  higher  the  periodicity  the 
greater  is  the  choking  effect  of  a  given  coil,  or  the 
smaller  the  coil  may  be  made  to  produce  a  gfiia 
effect. 

Since  an  open -magnetic  drcutt  requires  « 
greater  current  to  saturate  it  than  a  closed^ioag. 
netic  circuity  the  conipletc  throttling  or  choldiii 
power  of  such  a  coil  is  increased  by  forming  iti 
core  of  a  cloiied  magnetic  circuit;  1  *  ^«,  of  a  drcojt 
i  n  which  there  is  no  air  space  or  gap.  (See  Ci>mf, 
Divided 'Magmtic^     Circuity  Closed-  MaptHi(,\ 

€oiI,  Electric A  convolution  of  in. 

suLiied  Wire  through  which  an  electric  current 
may  be  passed,     (See  ^Magnet,  Electro.) 

The  term  coil  is  usually  applied  to  a  mtmber 
of  turns  or  to  a  spool  of  wire. 

Coll,  Impedance A  term  sometimes 

tipplied  to  a  choking-coiL     (Sec  C&il,  Chk* 

Such  a  coil  has  a  high  se1f4nduclion.    Its  in- 


pcdance  is  therefore  high. 
fmpedancd*) 


(See  Indmtim,  Stff. 


Ceif,  Iiiductioa^ 


— An  apparatus  con' 
sisting  of  two  parallel  coils  of  insulated  wire 
employed  for  the  production  of  currents  by 
mutual  induction,  (See  Induction,  Mutml^ 
Induction,  Electr&'Dynamic) 


irrupted  bittery  current,  sent 
F  wire  called  the  J^rimary  coil^ 
\g  currents  in  a  coil  of  wire  called 
U 

nadc,  the  primary  coil  consists  of 
,  thick  wire,  and  the  secondary 
»,  often  thousands,  ofHne  wire. 
Bcraliy  called  Ruhmkorff  coih^ 
\i  ft  cdebrakd  manufacturer  of 

Rtthmkorif  coil,  shown  in  Fig. 
r  wire,  wound  on  a  core  formed 


^4»,    Sukimk9f:f  Ceil 

fk  iron  wires,  has  its  ends  brought 
i  f.  The  fine  wire»  forming  the 
I  wrapped  around  an  insulated 
mite,  or  glasSj  surrounding  the 
his  wire  is  very  thin,  and  in  some 
[lundred  miles  in  length, 
n  induction  coil  were  made  solid 
ksidcrably  and  therefore  cause  a 
rhe  core  \s  therefore  laminated^ 
g  it  of  a  bundle  of  soft  iron  wire. 
iviston  of  the  core,  however,  is 
c,  although  the  eddy  currents 
eby  avoided,   yet,    too  great  a 

core    acts    practically    so    to 
^gnetic    permeability    that    the 
f  cannot  be  obtained. 
c  secondary  coil  arc  connected 
lillars  A  and  B. 

current  is  rapidly  broken  by 
Lry  break,  shown  ai  L  and  M. 
•r,  shown  to  the  right  and  front 
>vided  for  the  purpose  of  cutting 
*ough  the  primary,  or  for  cbang- 
When  a  battery  which  produces 
large  current  of  but  a  few  volts 
rce  is  connected  with  the  pn- 
currcnt  rapidly  interrupted,  a 
s  will  pass  between  A  and  B, 
kmotive  force  of  many  thousands 
fber  of  volts  of  the  primary  cur- 


rent, but  of  a  correspondingly  smaller  current 
strength. 

In  such  cases,  excepting  losses  during  conver- 
sion,' the  energy  in  the  primary  current,  or  C  E, 
is  ef|ual  to  the  energy  in  the  secondary  current, 
or  C  E',  As  much  therefore  as  E',  the  electro- 
motive force  of  the  secondary  current,  exceeds  E, 
the  electromotive  force  of  the  primary  current, 
the  current  strength  C\  of  the  secondary,  will  b« 
less  than  the  current  strength  C,  of  the  primary. 
This  is  approximately  true  only,  and  only  in  in. 
duction  coils  possessing  a  closed  magnetic  circuit, 
(See  Transformer.) 

Fig.  143  shows  dtagramatically  the  arrange* 


Fi£.  1 4 J.     Circuit  Cffnmf^iimt  c/ Inducii^m  CtU. 

ment  and  connection  of  the  different  parts  of  an 
induction  coiL 

The  core  II',  consists  of  a  bundle  of  soft  iron 
wires,  each  of  which  is  covered  with  a  thin  insu- 
lating layer  of  varnish  or  oxide.  A  primary  wire 
P  P,  consisting  of  a  few  turns  of  comparatively 
thick  wire,  is  wound  around  the  core,  and  a 
greater  length  of  thin  wire  S  S,  is  wound  upon  the 
primary.  This  is  called  the  secondary.  So  as 
not  to  confuse  the  details  of  the  figure  it  is  repre- 
sented as  a  few  turns. 

The  terminals  of  the  battery  B,  are  connected 
to  the  ptimary  wire,  through  the  automatic  inter- 
rupter, in  the  manner  shown.  It  will  be  seen  that 
the  attiaction  of  the  core  IT,  for  the  vibrating 
armature  H,  will  break  contact  at  the  point  o,  and 
cause  a  continued  interruption  of  the  battery 
current 

The  condenser  c  c\  it  connected  ^%  »I.uwn.  It 
acts  to  diminish  the  sparking  at  the  contact  points 
on  breaking  contact,  and  thus,  by  making  the 
battery  current  more  sudden,  to  make  its  in* 
ducdvc  action  greater. 

The  reactions  which  take  place  when  a  simpk 
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periodic  electromotive  force  ia  impressed  on  tlie 
primaxy  of  an  induction  coil  are  substantially 
thus  stated  by  J.  A.  Fleming  : 

(t.)  The  appltcatian  of  a  simple  periodic  im- 
pressed electromotive  force  prodiices  a  simple 
periodic  current*  moving  under  an  effective  elec* 
tromotive  force  of  self  induction^  and  brings  into 
existence  a  counter- electromotive  force  of  self- 
induction,  whlcli  causes  the  primary  current  to 
kg  behind,  by  an  angle  called  the  angle  of  lag. 

(2,)  The  field  around  the  primary,  and,  there, 
fore,  the  induction  through  the  secondary,  is  in 
consofiance  with  the  primary  current,  and  the  im- 
pressed electromotive  force  ixv  the  secondary  is 
fiff  quadrature  with  the  primary  current.  (See 
Consonance*     Quadrature^  /n.) 

(3.)  The  secondary -impressed  electromotive 
force  gives  rkc  to  a  secondary  current  moving 
under  an  effective  electromotive  force  and  creat. 
log  ft  counter  electromotive  force  of  self-ioduc* 

(4O  Thb  secondary  current  reacts  in  ita  turn 
on  the  primary,  and  creates  what  is  called  the 
back -electromotive  force^  or  the  reactin  g -indue  • 
tive-clectromotive  force  of  the  primary  circuit. 

{5.)  There  is  then  a  phase-diifereoce  between 
the  primary  and  secondary  currents^  and  also  be- 
tween the  primary 4m pressed  electromotive  force 
and  the  primary  cuzrenL 

If,  as  in  Fig.  144,   two  dectric  dicuits   are 


PfiiHARy 
QRCUJT 


aRQUl 


Fi^,  144*    Bkctrk  mmd  Mt^gmtiie  Link. 

linked  with  a  magnetic  circuit,  and  a  small 
periodic  electromotive  lorce  be  impressed  on  the 
primary,  the  following  phenomena  occur: 

(I,)  A  perimlic  primary  current  is  set  up  in 
the  primary  circuit,  whicK  though  of  the  same 
periodic  time  as  the  impressed  dcctromotive 
force,  difiers  from  it  in  phase* 

(2,)  A  wave  of  counter  electromotive  force  js 
produced  in  the  primary  circuit  by  the  inductive 
action^  which  does  not  corndde  either  with  the 
impressed  electromotive  farce,  nor  with  the 
primary  current* 

(3»)  A  wave  of  magnetization  is  produced  in 
tbe  iron  corCp  which  la^a  behind  the  prioiaij 


current  by  somewhat  lesa  than  9a  dcip«es  ol 

phase. 

(4.)  A  wave  of  impressed  cWctrorootive  forti 
Is  produced  in  the  secondary  circuit*  due  to  and 
measured  by  the  rate  of  change  of  magnetic  in- 
duction in  the  core,  and  lagging  90  degree^  or 
more,  behind  the  magnetization  wave. 

(5.)  A  wave  of  secondary  current,  laggitn^  be 
hind  the  secondary  electromotive  force  in  phase. 
except  where  the  circuit  consists  of  a  few  turns  c4 
conductor,  or  is  connected  with  an  cxtenial  dr* 
cuit  of  practically  no  inductance. — {Fltming,\ 

€oU»    Iiidtictloii,    Inverted   — ^^  — An 

induction  coil  in  which  the  primary  coil  19 
made  of  a  long,  thin  wire,  and  the  secondary 
coil  of  a  short,  thick  wire. 

By  the  use  of  an  inverted  coil,  a  currentof  h>gh 
electromotive  force  and  comparatively  small  cur* 
rent  strength,  i,  e^  but  of  few  emperts^  is  e^m* 
verted  Of  transformed  into  a  current  of  compar* 
atively  small  electromotive  force  and  large  cur- 
rent strength.  For  advantages  of  this  conversion 
Bee  Electricity^  Distributiam.  pf^  hy  Aitermatin^ 
Cttrrmls. 

Inverted  induction  cdls  are  called  tomftrt^rt  m 
transf9rm£rt^     (See  Trans/orm^r.) 

C«ll,    IiMhictioo,    Medieal    _An 

mdtictioti  coil  used  for  medical  purposes. 

A  form  of  induction  coil  used  for  natedical  por« 
poaes  is  shown  in  Fig.  145, 


9lf*f4S'    M0dkui  fmdmcihm  COL 


Coit,  Induction,  Micniphoiie 


-Ai* 


induction  coil,  in  which  the  variations  in  the  i 
circuit  of  the  primary  are  obtained  by  means 
of  microphone  contacts*    (See  Mt'cr&phtmi^ 

The  carbon -button  telephone  transmitter  ^  a 
microphone  in  its  action,  its  electric  resistance 
varying  with  the  varying  pressure  caused  by  the 
sound  waves.  The  carbon-button  is  in  the  pni»* 
ary  dncnit  ci  an  inductioa  coil,  vatiaiioos  ia  , 
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priiB^ry  of  whkli,  under  the  inflaencc  of  Use 
found  wmvcs,  produce  cotTespondin^:  variations 
m  the  currents  induced  in  the  sccondai-y. 

CaiU  Eicklng —A  term  sometimes 

applied  to  a  Choking-Coil.      (See  Ca/l,  Ckok- 

Tlie  term  Icicking^oil  has  ariiea  from  the  foct 
[  the  impedance  due  to  self- induction  opposes 
?  starting  or  stopping  of  the  current  somewhat 
\  the  manner  ofan  opposing  kick. 

Ceil,  Xocrnt^t  — A   coil  of  insulated 

surrounding  the  core  of  an  electro-mag- 
l,  and  through  which  the  magnetizing  cur- 
rjl  is  passed,     (See  Afagnet,  EUctra.) 

Call*  Primary That  coil  or  oon- 

ctor  of  an  induction  coil   or  transformer* 
nugh  which  the  rapidly  intemiptcd  or  alter- 
Me  inducing  currents  are  sent* 

In  the  RuhmkoHf  induction  coll  the  primary 

consists  of  a  comparatively  short  kiiyth  of 

lick  wire,  the  secondary  coil  being  formed  of 

comparatj^ely  great  length  of  fine   wire.     In 

trans (brmcr  or  converter,   the    primary  coil 

nsists  of  wire  that  %&  longer  and  thinner  than 

at  in   the  secondary  coil.    In  other  word<^,  the 

»nsformer  or  converter  conil<ts  of  an  ifwerted 

nduttian    CO0.     (See   C&ii^   Indtuthn,     Trans - 

Coll,  Reaction -A  magtietizing  coil, 

roaodKl    by    a    conducting   covenng   or 

«at]lin^,   which    opposes    the    jiassage    of 

afuiilyollcniatiag  currents  less  when  directly 

I  he  m.ignetizing  coil  than  when  a  short 

cc  from  it. 

A  lerm  often  used  for  choking-coiU    (Sec 

If/,  ChaJtitt^,) 

Ctll,  R^'octioiL,  Dalaaced —A  coil 

bn  ployed    in    a 
uf  distji- 

,  liv  means 
hfomicrs 
mamtaining^ 
constant   cur- 
in  the  sec- 
circuit   ^'  *^^     SmUmttd-Ktactitm  Coil. 

sptie  changes  in  the  load  placed  therein. 
A  balanced -reaction  coil  is  shown  in  Fig.  146. 


A  reaction  coil  is  placed  in  the  circuit  of  lamps  in 
scries  in  a  constant  potential  system.  The  sheath- 
ing of  this  coil  is  maintained  in  a  balanced  position 
by  the  counter  weight  P,  and  the  spring  S.  If  now 
a  lamp  is  extinguished  in  the  circuit,  the  increase 
of  current,  due  to  decreased  resistance,  causes  the 
sheath  to  be  deflected^  and.  thus  increasing  the 
self  induction  of  the  coil,  reduces  the  lamp  current 
to  its  normal  value. 

Coil,  Resistance  —A  coil  of  wire 

of  kno\%Ti  electrical  resistance  employed  for 
measuring  resistance. 

In  order  to  avoid  sclf4nduction  and  the  mag* 
netizing  cf!ectgof  the  coils  on  the  nee^lles  of  the 
galvanometer  used  in  electric  measure mcnls,  a< 
well  as  the  disturbing  effects  of  self-induction,  the 
wire  of  the  resistance  coil  is  doubled  on  itsclJ 
bcfot^  being  wound,  and  its  ends  connected 
with  the  brass  bars,  E,  E,  Fig.  147,     Tbe  inscr- 


Fig*  147.     Cmmecfitnu  c/Rtsittance  CnZr. 

tion  of  the  plug -key  cuts  the  coil  out  of  the  cir* 
cuit  by  short-circuiting*  (See  B&x^  Rtsistame, 
Bridge^  EUcirk.     C<w7,  Rest  si  am^^  Slandard.) 

The  coils  are  made  of  German  silver,  or  plati- 
noid, the  resistance  of  which  is  not  mucli 
affected  by  heat. 

Coll,  Hesistance,  Standard  — *  —A  coil 
the  resistance  of  which  is  that  of  the  stand- 
ard ohm  or  some  multiple  or  sub-multiple 
thereof. 

The  standard  ohm,  aa  issued  by  the  Electric 
Standards  Committee  of  England,  has  the  form 
shown  in  Ftg,  14S.  The  coil  of  wire  is  formed  ol 
an  alloy  of  platinum  and  silver,  insulated  by  silk 
covering  and  melted  paraffme.  Its  ends  are  sol- 
dered to  thick  copper  rodi,  r,  r',  for  ready  con- 
nection with  mercury  cups.  The  coil  is  at  B, 
The  space  above  it,  at  A,  is  filled  with  paraffine. 
A  hole,  at  t«  runs  throufrh  the  coil  for  the  readv 


Col.] 


110 


[Cot 


[nsertioii  of  a  tbcnnometer.  The  lower  part  of 
the  coil,  B,  is  immersed  in  water  up  to  the  shoul- 
der of  A,  and  the  water  stirred  from  time  to 


Fig,  14S*    Stsmdard  0km. 

time.  Since  the  coil  is  heated  by  the  current*  suc- 
cessive observations  should  be  at  least^ten  minutes 
apart.  Only  mild  currents  should  be  passed 
through  the  coils. 

Coll,  Resistance,   StJiiiilardlzed 

Resistance  coils  whos€  resistances  have  been 
cajcfully  determined  by  comparison  with  a 
standard  ohm  or  other  standard  coils. 

Coil,  Ralmiltorlt A  term  some- 
times applied  to  any  induction  coil,  the 
secondary  of  which  gives  currents  of  higher 
electromotive  force  than  the  primary,  (See 
Coil,  Indue  i ion,) 

Coil,  Secondary  -^  —Thai  coil  or  con- 
ductor of  an  induction  coil  or  transformer^ 
in  which  alternating  currents  are  induced  by 
the  rapidly  interrupted  or  alternating  currents 
in  the  primary  coil  (See  Caii,  Induction, 
Transformer?^ 

Coil,  Sliuut ^A  coil  placed  in  a  de- 
rived or  shunt  circuit      (See  Circuit,  Shunt.) 

Coll,  Spark A  coil  of  insulated  wire 

connected  with  the  main  circuit  in  a  system 
of  electric  gas-lighting,  the  extra  spark  pro- 


Fig,  149      ^rJk  Gnl. 

duced  on  breaking  the  circuit  of  which  is  em- 
ployed for  electrically  igniting  gas  jets. 
Spark  coils  are  employed  where  the  number  of 


gas  jets  to  be  simultaneously  lighted  is  not  toe 
great*  When  this  number  exceeds  certain  limits, 
the  spark  from  an  induction  coil  is  more  adwi- 
tageously  used, 

A  spark  coil  is  shown  in  Fig.  149. 

CoilH,    Armature,    of    Djnamo-Electrie 

Maehine The  coils,  strips  or  bars  that 

are  wound  or  placed  on  the  armature  core. 

To  avoid  needless  resistance  the  wire,  or  other 
conductor,  of  the  armature  coils,  should  be  as 
short  and  thick  as  will  enable  the  desired  electro- 
tnotive  force  to  be  obtained  without  <xoc3tan 
speed  of  rotation. 

The  armature  coils  should  enclose  as  many 
lines  of  force  as  possible  (/.  i,^  they  should  havf 
as  nearly  a  circular  outline  as  possible).  Ii> 
drum-armatures,  the  breadth  of  the  armature  ift 
frequently  made  nearly  equal  to  its  length*  unless 
other  considerations  prevent. 

When  the  armature  wire  consists  of  rod^  or 
bars,  it  should  be  laminated  or  slit  in  planes 
parallel  to  the  lines  of  force  so  as  to  avoid 
eddy  currents.    Other  things  being  cquali  tbe 


I 


Fig,  fjo^    Serits  C^nntcti&n  ^  ArmAturt  Cnlt. 

greater  the  number  of  coils,  the  more  uniform 
the  current  generated.  The  separate  coils  shoald 
be  symmetrically  disposed;  otherwise  irregular  in- 
duction, and  consequent  sparking  at  the  commu- 
tator results. 

The  coils  of  pole-armatures  should  be  wound  neu 
the  poles  rather  than  on  the  middle  of  the  cof^^. 
In  order  to  avoid  undue  heating,  spacci  for 
air  ventilation  are  not  inadvisable^  Various  osm* 
ncctions  of  the  armature  coils  are  used. 

In  some  machines  all  the  coils  areconnocted  in 
a  closed  circuit*  In  some,  the  coils  arc  indepcnd* 
cnt  of  one  another,  and,  either  for  the  entire 
revolution,  or  for  part  of  a  revolution,  are  on  ai 
open  drcnit 
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Id  alteiiu.dn^  current  dTnamos  in  order  to  ob- 
Uin  the  rapid  reversals  or  akemadotis  of  current, 
whidi  in  some  machines  are  as  high  as  12,000 
per  minute,  a  number  of  poles  of  alternate  polar- 
ity are  employed.  The  separate  coils  that  are 
used  on  the  armature  may  be  coupled  either  in 
series  or  in  multiple-arc. 

Where  a  comparatively  low  electromotive  force 
ii  suJEdcnt,  such  as  for  incandescent  lamps  in 
iBult3ple*arc,  the  separate  coils  are  united  in 
pftrallel;  but  for  purposes  where  a  considerable 
electromotive  force  is  necessary,  as  for  example, 
m  tfstems  of  alternate  current  distribution,  with 
cctiverters  at  considerable  distances  from  the 
generating  dynamo,  they  are  often  connected  in 
series*  as  shown  in  Fig.  15a 

Ceils  Binding Coils  of  wire  wound 

on  the  outside  of  the  armature  coils,  and  at 
rif  ht  angles  thereto,  to  prevent  the  loosening 
of  the  armature  wires  by  the  action  of  cen- 
trifug^al  force. 

The  binding  coils  are  generally  made  of  hard 
biass  wire. 

Coll^  Compensattnir A  term  some- 
times applied  to  the  series  coils  placed  on  a 
shunt-wound  dynamo, 

CoilSt  C4)njngate  —Two   coils   so 

placed,  sks  regards  each  other,  thai  an  interrup- 
tion of  the  current  in  one  produces  no  induced 
current  in  the  other. 

When  two  coils  are  conjugate  to  each  other,  the 
tines  of  force  of  one  do  not  pass  through  the  other. 
Comequently  such  coils  can  produce  no  indue- 
ijon  in  one  another. 

ColU,  Beary^s ^  ^A  number  of  sepa- 

'  induction  coils  so  connected  that  the 
'  nts  induced  in  the  secondary  wire  of 
ihe  first  coil,  are  caused  to  induce  currents 
in  the  secondary  wire  of  the  second  coil,  with 
whose  primary  it  is  connected  in  series,  and 
to  on  throughout  aJl  the  coils, 

A  Kries  of  three  of  Henry^s  coils  is  shown  in 
Tig,  151*    An  intermittent  battery  current  is  sent 

h 


to  a,  Ike  secondary,  b«  of  which  is  connected 
^ih  the  prinuvy,  C|  of  the  iccond  coil.    The 


secondary,  d^  of  the  second  coil,  is  connected  with 
the  primary,  e,  of  the  third  coil,  and  the  cur- 
rents finally  induced  in  f,  are  employed  for  any 
usefid  purpose,  such  as  the  magnetization  of  a 
bar  of  iron  at  g. 

The  current  in  b,  is  sometimes  called  a  S^ctm* 
dary  Current^  or  a  Current  of  the  Second  Order; 
that  induced  by  this  secondary  current  in  d,  is 
called  a  Tertiary  Current^  or  a  Current  of  the 
Third  Order  ;  that  in  f^  ij  Current  of  the  Fourth 
Order,  Henry  carried  these  successive  indue* 
tions  up  to  currents  of  the  Sei*enth  Order* 

Henry's  coils  in  reality  cen&ist  of  separate  in- 
duction coils,  connected,  as  above  explained,  in 
series. 

In  Fig.  152,  the  tertiary  current  induced   in 


Fig.  TJ^.     Ttrttaty  Cmrrtntt  ^CoUt, 
IV,  may  be  employed  to  give  shocks  to  a  person 
grasping  the  handles,  e  and  f. 

Colla,  Proportional Pairs  of  re* 

sistance  coils,  generally  of  10,  100  and  1,000 
ohms  each,  forming  the  proportional  arms  of 
the  balance  or  bridge^  and  employed  in  the  box, 
or  commercial  form  of  Wheatstone's  bridge, 
(See  Bridge,  Ekctric,   Commercial   Farm 

of-) 
Cold,  Prod  action  of,  by  EliMjtrlci  ty  — — 

— An  absorption  of  energy  and  consequent 
reduction  of  temperature  at  a  ihermo-electric 
junction  by  the  passage  of  an  electric  current 
across  such  junction  in  a  certain  direction. 

When  an  electric  current  passes  across  a  thermo- 
electric junction,  the  junction  is  either  heated  or 
cooled.  In  the  Case  of  an  antimony -bismuth 
couple,  if  the  current  passes  from  the  antimony 


A  B 

Fig*  iS3»    Frttj,iH£  ^  IVAifr  by  Elgctricity, 

to  the  bismuth  the  junction  is  heated;  if  it  passes 
from  the  bismuth  to  the  antimony  it  is  cooled. 
In  tlie  apparatus  shown  in  Fig,  153,  the  antimony- 
bismuth  couple  Is  arranged  as  shown  lor  the 
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freeziag  of  water  by  mean;  of  the  electric  cur- 
rent. A  and  B.  represent  plates  of  antimony  and 
bisniuCli  respectively.  A  sm^  cavity,  at  Ji,  serves 
to  hold  a  diop  of  water.  When  a  current  has 
passed  in  the  direction  shown  by  the  arrows^  a 
drop  of  water,  previously  cooled  to  the  tempera- 
ture  of  mdtmg  ice^  is  solidified  by  the  lowenng 
•of  the  temperature  at  the  junction, 

Ciillectiii^  BmiilieB  of  DynaTno-EhH^trlc 
MaoMiie.  —  (Sec  Brushes,  d^Uecthtg^  of 
Dynamo-Electric  Machine^ 

Collectors,  Elw^trlc Devices  em- 
ployed for  collecting  or  taking  off  electricity 
from  a  moving  electric  source. 

Collectors  of  Elwtrfc  Prirtlonal  Ma- 
chlues. — The  metallic  points  that  collect  the 
charj^e  from  the  glass  plate  or  cylinder  of  a 
frictional  electric  machine. 

Collectors  of  Bynanio  Electric  Macliines, 
— The  brashes  that  rest  on  the  commutator 
cylinder,  and  carrj'  off  the  current  generated 
on  the  rotation  of  the  armature. 

Collectors  are  properly  called  commutators 
when  they  are  employed  to  cause  an  alternate 
current  to  become  contmuous,  or  to  flow  in  one 
and  the  same  direction* 

C«»lloi4fk — One  of  the  two  classes  into 
which  substances  are  separated  by  dialysis. 

By  dialysis  bodies  are  separated  into  crystal- 
loids, or  bodies  capable  of  crystallizing,  and  col- 
loids  or  jdly-l  ike  bodies,  incapable  of  ciystalUzing, 
Colloids  possess  great  cohesion  and  bat  alight 
difitisibil  ity .     (See  Dialysis. ) 

Colonibln. — An  insulating  substance,  con- 
sisting of  a  mixture  of  sulphate  of  barium 
and  sulphate  of  calcium,  placed  between  the 
piu^llel  carbons  of  the  Jablochkoff  candle. 

Coltimn,  B:tTOTiiptrto  ^A  column* 

usually  of  mcrcur)»  approximately  30  inches 
in  vertical  height,  sustained  in  a  barometer, 
or  other  tube,  by  the  pressure  of  the  atmos- 
phere. 

The  space  above  the  barometric  column  con- 
tains a  vacuum  known  as  the  Torriceilian  %*ac- 
uttm.     (Sec  Vamum^  Torrieelitan.) 

ColiiMii^  Elwtrlc A  term  formerly 

applied  to  a  voltaic  pile,     (See  Pile,  Voltaic.) 
Cabta  Oil.— (See  Oil,  Colsa.) 


CombinotlM  An  ff1st«im^{See  Fix^ 
iure^  Gas,  CmtNHmtim,) 

CoiiibtiifKl  Tani^ciit  and  f<!1no  OatTttioni- 
eler. — (See  Galvanameitr^  Combined  Toih 
gent  ami  S/ne,) 

Conil*  Uirhtnin^  Arrester,— (See  w^rrol^. 
Lightnings  Comb,) 

Cotiib  l*rot*Ttttr.— (See  Protector,  Com^,J 

Cotumon-Tal  Efneicncy.— (See  ^fficien^^ 
Commercial^ 

C'ommereiid  £IHG!eiK*y  of  Byimiao.— 
(See  Efficiency,  Com»iercial,  of  Dynam0\ 

Coinmerelal  Form  of  Electric  Brlig«L — 
(See  Bridge^  Electric,  Commercial  F&rwn  ef^\ 

Coitiinuulcatorf  Eleclric A  term 

formerly  employed  for  a  telegraphic  key.    (See 
AVy,  Telegraphic.) 
Com  mutating    Transformers,  Bi&trlbu- 

tioB  of  Ekctricity   by (See  Elec* 

tricitft  Distribution  of,  by  CoffumttttUt^ 
Transformers,) 

Commiitatiou. — The  act  of  commutiiigt  as 

of  currents. 

Cnniiuutiitioii,  Biauieter  of *-lii  a 

dynamo-electric  machine  a  diameter  OQ  the 
commutator  cylinder  on  one  side  of  whkh 
the  differences  of  potential,  produced  bytlic 
movement  of  the  coils  through  the  ma^Detlc 
field*  tend  to  produce  a  current  m  a  directimi 
opposite  to  tliose  on  the  other  side. 

That  diameler  on  the  commutator  cylinder 
of  an  open-circuited  armature  that  joins  the 
points  of  contact  of  the  collecting  brushes. 

Thus  in  Fig,  154,  the  dtrcctions  of  the  induced 
electrc»molivc  forces  are  indicated  l>y  the  Arrow*. 
The  diameter  ef  eonmuttation  is  therefore  the  line 
n  \\\  The  term  mutral  linei^  also  somedines 
given  to  this  line.  It  Hess  at  right  anglot  to  the 
line  of  maximum  magnetization  m  m. 
*  In  a  cli?sed  drctiitetl^rm^tMTC^  that  is,  in  an  ama- 
sturc  the  coils  of  which  arc  connected  in  a  closed 
circuit,  the  collecting  brushes  rest  on  the  r.oramu- 
tator  cylinder  at  the  neutral  line^  or  on  the  diame- 
ter  of  Ci?mmuiati^m, 

In  an  open-circuited  nrnature^  however,  wbere 
the  coils  are  iodcpendtfnt  of  each  other,  th<? 
collecting  brushes  in\tst  be  set  at  m  in«  al  rtgtit 
angles  to  tlie  mutral  line  n  n.    The  term  dimmi 
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•  »f  ammmtmiim  ii,  therefore;  often  apitUed  to 
ad  positioD.    Accomiing  to  this  use  of  the 


il/^ 


/^.  I J  4*    IHumttgr  «f  Cam  mmJmt^tmm 

the  tiiamfifr  of  cammutatimt  ts  that  diameter 
I  the  coramutator  which  joins  the  points  of  con- 
tact of  the  collecting  brushes. 
The  neutral  Uaenn',  Fig,  154,  it  will  be  noticed 
Dot  occupy  a  "vertical  position,  but  is  dis- 
\  lomewhat  in  the  direction  of  rotation,  thus 
ting  the  shifting  of  the  brushes  forward 
I  directjoit  of  rotation .    This  necessary  shlft- 
\^  tbe  brushes  is  known  technically  as  the 
~lMd  €/ikt  ^rmk€i,     (Sec  laid.  Angle  of. ) 

It  will  thus  be  seen  that  the  term  diameter  of 

COfzmiutation  is  used  in  two  dLfferent  senses. 

Inrca£ty,  the  term  refers  to  thepositionof  ccr* 

points  on  the  commutator  as  dLstingmsbed 

1  points  on  the  armature  coils.    On  the  com* 

ufcatxTTv  the  diameter  of  commutation  is  the  line 

awn  through  the  two  commutator  bars  at  which 

be  currents  from  the  two  sides   are  opposed  to 

cb  other. 

It  is  evidctt  that  the  commutator  may  be  inten- 
ally  twisted  with  respect  to  the  armature,  so 
I  to  bring  Its  diameter  of  commutation  into  any 
liesred  convenient  position. 

Commotatioti,  BissymBietry  of 

\  commutatian  in  which  the  neutral  line  does 
Hot  coincide  with  a  diameter  of  the  commu* 

itor,     (See  Commutation^  Diamtter  of^ 

OkifiintttAtor. — In  general,  a  device  for 
'  cbanging"  the  direction  of  an  electric  current* 

CammtiUiori  Barnitir  at  — Arcing 

ami  consequent  destructive  action  on  the 
commutator  segmenls  of  a  dynarao^electric 
nodtine. 

Wtai  the  vdng  is  praiwmnced,  the  intense 
Uat  soon  destroys  the  commutator. 

CoiiiiRiitalor  Cylinder,  Keiitral-LIni?  of 
^—  — ^(See  IJn€^  Ntutrai^  cf  CmnmutaUr 


Gommirtalor,  ByiiAJno-Eleetrio  Hacliini 
That  part  of  a  dynamo*declric  ma- 
chine which  is  designed  to  cause  the  alter- 
nating currents  produced  in  the  armature  to 
flo^v  in  one  and  the  same  direction  in  the  ex- 
ternal drcoit. 

One  end  of  an  armature  coO  is  connected  with 
A%    Fig.    ISS»    and     the 
other  with  A.  The  brushes  ^^  B 

are  so  set  that  A,  and  A% 
are  In  contact  with  B'« 
and    B,    respectively,    *s    a|  Ia* 

long  as  the  current  flows 
in  the  same  direction  in  the 
armature  coil  connected 
therewith,  but  cTitcr    into  8^ 

contact  with  B^  and  B'»  fi^.  tjs-  O^mmuiai^ 
when  the  current  changes  ^  Dynamu^  *  £keirk 
its  direction,  and  continue  Mmckiitt, 
in  such  contact  as  Jong  as  it  flows  in  this  direc- 
tion* By  the  use  ^f  a  €ommutator  ike  €urreni 
%mU  therefore fitno  through  art/  a  rati  t  €onn€Cttd 
with  the  Srushef  in  ome  and  the  tame  constant 


In  action*  the  commutator  is  subject  to  wear 
from  the  friction  of  the  brushes,  and  the  burning 
action  df  destrucliTC  sparks.    The  commutator 


/ 


Fig,  tS7'     T^^pari 
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Commmiaierm 


segments  are,  therefore,  made  of  comparativdy 
thick  pieces  of  metalf  insulated  6rotii  one  anolbor 
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and  supported  on  a  comnitttator  cylinder  umally 
placed  on  the  shaft  of  the  armature. 

The  ends  of  the  armature  coiU  art  connected 
to  commutator  stnps  or  segments. 

The  numher  of  metalHc  pieces  or  segments^  A. 
and  A',  on  the  commutator  cylind^  dcpeoda  on 
the  numberi  arrangement  and  conaection  of  the 
armature  coils,    and  on  the 
disposition  of  the  magnetic 
field  of  the  machine. 

Figs.  156,  157  and  158 
show  the  connections  of  an 
armature  coil  to  the  plates  of 
a  two 'Part  tommutator. 

A  four-part  commutator 
for  a  ring-armature,  and  the  ^^'  f^^*  FfiurpmH 
Connections    of    tlic     coib 
thereto,  are  shown  in  Fig.  159, 

The  commutator  etripa  may  either  connect  the 
•eparate  coiU  in  a  closed- circuited  armature,  m 
which  the  coila  are  all  connected  with  one  an- 
other,  or,  in  an  open -circuited  armature,  In  which 
the  separate  coils  are  independent  of  one  another* 

Coiumatat<>r,  RuhmkorfTs A  name 

given  by  Ruhmkorfr  to  a  device  placed  on  his 
induction  cod  for  the  purpose  of  changing^  or 
reversing  the  direction  of  the  battery  current 
through  the  primary,  ^ 

This  ru'erscr  is  shown  in  Fig,  l6ou  (Sc« 
CwV,  Ruhmk^rff,) 


Fig.  /60,    Rmhmko^t  ^mmutmior 

Two  metallic  strips,  V,  V,  supported  on  a 
cylinder  of  insulating  material^  are  in  contact  with 
the  battery  terminals  A,  and  D,  through  two 
vertical  springs  that  bear  on  them.  On  a  half 
rotation  of  the  cylinder  by  the  thumb  screw  L, 


the  strips  V,  V,  change  places  as  regards  the  ^^er- 
tical  springs,  and  thus  rever&e  the  ditcctioii  o4 
the  battery  current. 

Oommnled  CurreniB.  —  (See  CurrmiSt 
Committed,) 

Coinmut<»r,  Cnrrent  -^  —Any  appa- 
ratus by  means  of  which  clectricaj  currcntSi 
flowing  alternately  in  different  directions, 
may  be  caused  to  ^ow  in  one  and  the  same 
direction. 

A  Commutator. 

Commutiu^.— Causing  to  fiow  to  one  and 
the  same  direction* 

CommntiD^  Currents.  —  (Sec  Curreftis^ 
Corn  f nut ing^,) 

Compartment  Manhole  of  Condnit.— (See 
Man/tolet  Compartment^  of  Conduit^ 

ComposBy  Aj^Imtitli   —A   compass 

used  by  mariners  for  measuring  the  horizon* 
tal  distance  of  the  sun  or  stars  from  the  mag- 
netic meridjaru    (See  Azimuth^  Magnetic^ 

A  mariner's  Compass. 

A  single  magnetic  needle,  or  several  magnetle 
needles,  are  placed  parallel  to  one  another  on  the 
lower  surface  of  a  card,  called  the  fompast  turd. 
This  card  is  divided  into  the  four  cardinal fmntt^ 
N»  S,  E  and  W,  and  these  again  subdirided  intn 
thirty-two  points  called  Rhumbi* 

In  the  azimuth  compass  these  divisions  are  gup> 
plementcd  hy  a  further  division  into  degrees. 

A  form  of  azimuth  compass  is  shown  In  Fig, 
16 1.    In  order  to  maintain  the  compass  box  in  i 


Fig*  itim    Aximuik  Compastm 

horizontal  position,  despite  the  roUIng  of  the  ship^ 
the  box,  A  B,  is  suspended  in  the  larger  box,  P 
Q,  on  two  concentric  metallic  circles,  C  D^  itid 
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2  F,  pivoted  Ota  two  bonzontal  &xes  at  Hght  angles 
to  each  oilier.    This  kind  of  support  is  technic- 

iy  termed  Gimhah.  Sights  C,  H,  arc  provided 
%3sr  measuring  the  magnetic  azimuth  of  any  ob- 
ject* 

C^mpaM,  Boxing  the  -^  —Naming, 
eon  sec  u  lively,  all  the  different  points  or 
fhumbs  of  the  compass  from  any  one  of  themL 
Compact  Points  q/,) 

€^tiipaj§«-Card.^(See  Card,  Compass^ 

CottipAJis,  Inclination A  ma^etio 

needle  moving  freely  in  a  single  vertical  plane, 
and  employed  for  determining  the  angle  ol 
dip  at  any  place. 
An  Inclinometer,    <See  IncHnometer^ 
A  dipping  circle.    (See  Circle,  Dipping^ 
^^     Tbe  needle  M,  Fig.  162,  is  supported  00  knUi 

^^^^^  fil^  it  a     tnctim  Alien  Cfm^at^ 

^P  td^^  to  as  to  be  &ee  to  move  only  in  the  ▼ertictl 
pUne  of  the  graduated  vertical  circle  C  C.  Thil 
cxrele  ii  movable  over  the  horizontal  graduated 
circle  H  H*  In  order  to  determine  the  true  angle 
of  dip^  the  ▼ertical  plane  in  which  the  needle  Is 
free  to  move  must  be  placed  exactly  in  the  plase 
if  the  magnetic  meridian. 

To  ascerUin  this  plane  the  vertical  circle  Is 
feoved  until  the  needle  points  vertically  down- 
lAids.  It  is  then  in  a  plane  90  degrees  from  the 
Mig^ictic  meridian.  The  vertical  circle  b  then 
Ofer  the  horizontal  circle  90  degrees,  in 
porftion  it  is  in  the  plane  of  the  magnetic 
■didiuv  wbenthe  tme  angle  of  the  dip  is  read  off* 

Fer  ao  explanatioii  of  the  reason  of  thi&  see 


Cffrnp^nm/^    fforis&niat  and    Virtieai^    cf  ikk 

MorUCs  Alagmtism, 

Compass,  Marlnei^a —A  name  often 

applied  to  an  azimuth  compass*    (See  Cim^ 
pass,  Asimuth^ 

Compass,  Points  of  —^  —The  thirty-two 
points  into  which  a  compass  card  is  divided. 
Sixteen  of  these  points  are  shown  in  Fig*  163. 
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Fif,  i6s. 

f^iUs  ^  Cmnpat*. 

Tlfce  position  of  the 

remaining 

points  wiU 

WtsiMf  seen  by  an  Inspection  of  the  figurcii 

These  points  are  as  follows: 

t.  AVM. 

17. 

S&uih, 

a.  N.  by  E. 

18. 

S.  by  W, 

J,  N.  K.  E. 

19. 

s.  s.  w. 

4-  N.  E.  byN. 

20. 

S.  W.  by  a 

5-N,  E. 

2K 

S.  W, 

6uKE.byE. 

»2, 

S,  W.  by  W, 

7-  E  N.  E. 

23- 

W.  S.  W. 

&  E.  by  N. 

24. 

W.  by  S. 

9.  £asi. 

25- 

mu. 

la  EabySL 

26.  W,  byN. 

ti.  E.  S.  E. 

27- 

W*  N.  W. 

12,  S.  R  by  E. 

28. 

N.  \V.  by  W. 

13-  s,  a 

29, 

N.W* 

14,  S.  E.  by  8 

30. 

N.  W.  by  N. 

15.  S.  S.  E* 

31. 

N.  N.  W. 

iL  S,  by  K 

32- 

N.byW. 

Boxing  iht  C§mp^si  consists  in  naming  ai 
these  points  consecutively  Crom  any  one  of  them, 

The  direction  tn  whlcli  the  ship  b  sailing  Is  de- 
lerinin^id  by  means  of  a  point  fixed  on  the  inside  o| 
the  compass  box>  directly  fa  tho  line  of  the  ves* 
•el's  bow. 

Compass,  Rbamlis  of  -^  ^The  points 
of  a  marizier'a  compass.  (See  Compass, 
Points  o/:^ 
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CompeBflAied  iIteraAU»r«— (See  Ait^r- 
naior^  C&mpensafed,) 

Compensated  Fxcitatfen  of  Alternator. 
— (See  Altemaior,  Compensated  Exeita* 
it  on  o/^ 

Compensating  C^lls.— -(See  Coih^  Com* 
fensattftj,) 

Compensating  Mornel ->  (See  Mt^rnt. 
Cinnpensating^ 

Complement  of  Aiisle,<^See^;f^/^.  Com- 
ptemenl  of) 

Completod-Circult-— (See  Circuit,  Com^ 
phied.) 

ComponenL— One  of  the  two  or  more  sep- 
arate forces  into  which  any  single  force  may 
be  resolved ;  or,  conversely^  the  separate  forces 
which  together  produce  any  single  resulting 
force. 

When  two  or  more  forces  act  simtiltAneously  to 
produce  motion  in  a  body*  th^  body  will  move 


with  a  given  force  in  a  single  direction  called  the 
remiiant.  The  separate  forces,  or  directbas  of 
motion,  arc  called  the  €OmponcntU 

Two  forces  acting  fiimultaneotiily  on  a  Ixidj  a| 
A,  Fig.  164,  tending  ta  move  it  in  tlie  diiecdoa 


e 


Fig-  tbf* 


tt/FiM 


of  the  arrows*  along  A  B,  and  A  C.  with  fntenil. 
lies  proportioned  to  flie  lengtlif  of  the  lines  A  B, 
and  A  C,  respectivdy,  will  move  ft  (n  ikz  dlrec» 
tioQ  A  0|  otitained  by  drawing  B  D«  and  D  Q^ 


poralld  to  A  C>  and  A  B,  respectiTdy,  and  thai 
drawing  A  D,  through  the  point  of  interscctioti, 
D,  This  is  called  the  CompoHHmt  of  Ferc4». 
A  D,  is  the  re^iltant  ioroe,  and  A  B  sad  A  C, 

are  its  components. 

Conversely,  a  single  forces  acting  In  the  dircc 
tion  of  D  B.  Fig.  165,  against  a  sur^c,  BC| 
may  be  regarded  a^  the  resultant  of  the  two  scp. 
arate  forces,  D  Y^  and  0  C,  one  paralld  to  C  B, 
and  one  perpendiciilar  to  it,  D  E,  being  parallel 
to  C  B,  pixxluces  no  pressore,  and  the  absoluie 
effect  of  the  force  will,  therdore,  be  rcpreKnted 
by  CD, 

Tills  separation  of  a  single  force  into  two  or 
more  separate  forces  is  called  the  r f solution  0/ 
forces^  the  force,  D  B,  being  resolved  into  the 
components,  D  E  and  D  C, 

C4)iiiponeiit     Carrenls, — {See    Currents, 

Component^ 

Component,  Horizontal,  of  Earth*a  Mag- 
netism  —That   portion  of  the  earth's 

directive  force  which  acts  in  a  horizontal  di- 
rection. 

That  portion  of  the  ea.rlh*s  magnetic  force 
which  acts  10  produce  motion  in  a  com- 
pass needle  free  to  move  in  a  horizontal  plane 
only. 

Let  A  B,  Fig.  166,  represent  tfie  dirtfthn  and 
mognitiidf  of  the  earth's  niagiietie6dd  on  a  mag- 
netic needle.    The  magnetic  force  will  lie  in  the 
plane  of  the   magnetic  merid- 
ian»  which  will  Ijc  assumed  to  0  A 

t>e  the  plane  of  the  paper  C  A 
D.  The  eartli's  field,  A  B,  can 
be  resolved  into  two  compo- 
nents, A  D,  the  horiiontai  com- 
ponent, and  A  C,  the  vertkat 
component. 

In  the  case  of  a  magnetic 
needle^  like  the  ordinary  com- 
pass needle,  which  is  free  to 
move  in  a  horizontal  plane  only. 


the  honxontal  component  alooe  ^ 

directs  the  needle.    A  weight  ^  f^t'r^ 
is  applied  to  balance  the  vcrUcal       M^gnti^m, 
component. 

When  the  needle  is  free  to  move  in  a  vertical 
plane,  and  this  plane  corresponds  with  that  «l 
the  magnetic  meridian,  the  entire  magnebc  force, 
A  B,  acts  to  place  the  needle,  suf^»9ed  to  be 
properly  baknced,  in  the  direction  of  the  fines  <i 
force  of  the  earth's  magnetic  £dd  at  Hut  point. 
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[  C4»uyatteiitp  Vertical*  of  Eartli^s  Mn^nct' 

That   portion    of     the   earth's 

I  §KCt  which  acts  in  a  veitical  direc- 

[  la  tbe  ircrtic^l  plane  at  right  angles  to  the  pkne 

f  tlkemACaetk  meridian,  the  vertical  component 

>  and  the  needle  points  vertically  down. 

js^  in  no  matter  what  part  of  the  earth  it 

ly  be.     In  Fi^.  166.  AC,  is  the  vertical  com- 

poDCDt  of  the  earth's  directive  force; 

^K  Composite)  Balance.— (See  Balance^  Cmn» 
^H  Coin|Kisiie-Fieldl>j]iaiuo, — {S^  Dynamo, 
^F  ConpMtltiiii    af   Foreea.— <See    For€4s, 

tC#«ip««m<l  Arc.— {See  Arc^  Compamnd^ 
romiMiiitd,  Binary — In  chemistry, 
compound  formed  by  the  union  of  two 
ifercnt  elcmenis. 
Water  if  a  binary  compound,  hcing  formed  by 
the  union  of  two  atoms  of  hydrogen  with  one 
uom  of  oftygcn*  Its  compositkm  is  expressed  in 
dkmiiui  symiwit,  UjO,  whiLh  indLatoi  thnt  two 
itoois  of  hydrogen  are  combincil,  cr  cKetuically 
inited^  with  one  atom  of  oxygen.  Water  is 
thcrelore  a  binary  compound,  because  it  is  formed 
qI  two  different  elementary  substances. 

C«&i^>iind,  Chaiterton's  ^— »— A  com- 
pomid  for  cementing^  together  the  allemiite 
coatings  of  gtitta-percha  employed  on  a  cable 
conductor,  or  for  filling  up  the  space  between 
the  strand  conductors. 

The  composition  of  Chattertoa*s  compound  id 

Stockholm  tar, 1  part  by  wcigKL 

Rctin , t     "  '* 

G«lia-fcrcl»., 5    '<  " 

OpBponnd  Circuit— (See  Circuii^  Cmtt^ 

C^mpoiiBd^  Clark'« A  compound 

^  the  otiter  casing  of  the  sheathing  of  sub- 
marine cables, 

Tb0  CQBiposllion  of  Clark^s  compound  is  as  foU 


Mineral  pitch 65  parts  by  weif  hi* 

Silica...., 30     '  •' 

Tar 5     "  " 

—{aark&'Sakine.y 

€omp<itind  •  Hon^eshoe  Magnet. —  (Sec 
Magnet t  Compo ttnd' Ilonesh 0€^ 

Compound  Magnet — (See  Ma^nei^  Cam^ 
p(mnd^ 

Compound  Radical.— (See  ^^i/iV^/,  Comm 
pound.) 

Com  pound- Will  ding  of  Dynamo-EJcctrlc 
Macliiucs.^ — (See  IVindiftg,  Compound^  gf 
Dynamo- EUctric  Machine,) 

Componnd-Wonnd  Hynamo-Flf^ctric  Jfib 
chitio. — (See  Machine,  Dynamo- EdectrU^ 
Compound'  Wound.) 

Compound  Wound  Mot4>r. — (Sec  Motor, 
Compound-  Wound.) 

Coucpiitration  of  Linas  of  Force.— (See 

Force^  Lines  oJ\  CoHttutrad'on  of,) 
Conc<*ntrlc     Carbon     Electrodes,— (Sec 

Eiectrod^s^  Concentric  Carbon.) 

Concentric  Cylindrical  Carbons — (Sec 
Carbons^  Concentric  Cylindrical.) 

GM^aasrr. — A  device  for  increasing  the 
capacity  of  an  insulated  conductor  by  bring- 
ing- it  near  another  insulated  earth -connected 
conductor,  but  separated  therefrom  by  any 

medium  that  will  reiidily  permit  induction  to 
take  place  through  its  mass. 

A  variety  of  electrostatic  accumulator. 

If  the  conductor  A,  Fig.  167,  sliding  alone 


w 


/V«  t67*    y^wmt  Air  Cmdnurr, 

and  separated  from  other  conductors,  be  con- 
nected with  an  electric  machine,  it  will  rcccire 
only  a  very  smaU  charge. 
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If,  however,  It  be  pkced  near  C,  but  separated 
Erom  it  by  a  didectricy  such  as  a  plate  of  glass 
B,  and  C,  be  connected  with  the  ground,  A»  will 
receive  a  much  greater  charge,    (See  Diele^iricJ) 

Suppose,  for  example^  that  A,  be  connected 
irith  the  positive  conductor  of  a  fricdonal  electric 
machme,  it  will  bf  indmthn  establish  a  negative 
charge  on  the  surface  C,  nearest  it,  and  repel 
a  positive  charge  to  the  earth.  The  presence  oi 
tbesc  two  opposite  charges  on  the  opposed  sur- 
faces of  A  and  C,  permits  A,  to  receive  a  fresh 
charge  from  the  machine.  (See  IndHCti&n^ 
Elcitrostatu  J\ 

The  charge  in  a  condenser  in  reality  resides 
cm  Ihc  opposite  surfaces  of  the  glass,  or  other 
didectric  separating  Lhe  metallic  coalings^  as  can 
be  shown  by  removing  the  coatings  alter  charg- 
ing. 

The  condenser  resulted  from  the  discovery  of 
the  Leyden  jar,    (See  Jar^  Lcydm,\ 

The  capacity  of  a  condenser  is  measured  in 
wUcroJijrads^     (Sec  Farad.) 

In  practice  condensers  are  made  of  sheets  of 
tin  foil,  connected  to  A  and  B»  respectively,  and 
,  separated  from  one  another  by  sheets  of  oiled 
silk,  parafEned  paper,  or  thin  plates  of  mica,  as 
shown  in  Fig,  i6S. 


A  Leyden  jar  or  condenser  does  not  store  elec. 
tricity  any  more  than  a  storage  battery  does. 
The  same  quantity  of  electricity  passes  oat  of  the 
opposite  coating  of  the  jar  that  is  passed  into  the 
Other  coating.  The  jar.  therefore,  possesses  no 
store  of  electricity.  What  It  really  possesses  is  a 
store  of  electrical  energy. 

According  to  Ayrton,  if  the  capacity  of  a  con* 
denser,  in  farads,  be  F,  and  the  dilTercncc  of  po* 
tential,  with  which  it  is  charged,  lie  V,  volts,  the 
store  of  electric  energy  it  possesses,  or  the  work  it 
can  do  when  discharged,  v^ 

F  X  V» 

Work  ==    ^      —  foot-pounds, 

Condonner^  AdjuHtablu A  con- 
denser, the  plates  of  which  can  be  readily 
adjusted  so  as  to  obtain  the  same  capacity 
«s  tbat  of  tbe  conductor  to  be  measured. 


In  order  to  obt^n  a  comparatively  wide  nfig« 
of  adjustability,  a  condenser  is  composed  of  say 
four  separate  sections:  consisting  of  one  of  a 
microfarads,  one  of  f  microfarad  and  two  of  \ 
iiiicro£irad,  thus  making  in  all  4  micro^urads*         M 

Condenser*  ^plnns A  name  given  ■ 

to  an  early  form  of  condenser.     (Sec  Con* 
denser*) 

CondenMr*  Air  —A  condenser  in  ^ 

which  layers  of  air  act  as  the  diekctric*  ■ 

A  form  of  air  condenser  i%  shown  in  Fie*  169^ 


It  consists  essentially  of  one  set  of  thin  plates  of 
glass  partially  coated  on  both  sides  with  sheets  of 
tin  foil,  90  as  to  leave  uncoated  a  space  of  about 
one  inch  around  the  edge  of  the  glass .  The  glass 
plates  do  not  act  as  dielectrics,  but  merety  as  sup" 
ports  for  the  tin  foil,  hence  the  foil  on  both  sides 
of  the  plates  fs  connected  electrically- 

Another  set  of  plates  alternating  with  the  above 
have  the  tin  foil  phiced  over  the  whole  sur£ace  of 
the  glass. 

These  plates  are  placed,  alternately,  over  one 
another  on  a  stand  between  guide  rods  of  vulcan- 
ite E,  E,  E,  E,  in  the  manner  ^hown^  and  af« 
separated  fi-om  one  another  by  h-agments  of  glass 
of  the  same  thickness.  The  plates  with  the  Ml 
over  their  entire  surface  are  all  connected  to- 
gether and  to  the  terminal  B,  to  form  the  outer 
coating,  and  the  plates  with  the  foil  over  nearly 
all  their  surfaces  are  all  connected  together  and 
to  the  terniinal  A,  to  form  the  inner  coating  ol 
the  condenser* 

There  is  thus  formed  a  condenser  in  whidi 
practically  two  eatended  conductini;  surtaces  tii 
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squinted  from  each  other  by  a  thin  Ujer  of  nir^ 
which  acta  as  the  dielectric. 

Candeaser,  Alternalln^-CinT^iit  —  — 

A  condenser  suitable  for  use  in  connection  with 
system  for  the  distribution  of  electric  energy 

means  of  alternating  currents. 
Alternating-current  condensers  must  have  a  very 
dielectric  in  order  to  avoid  too  great  bulk. 
Thi%  of  course,  btroduccs  a  difficulty  as  regards 
liability  of  failure  of  insulation,  which  must  be 
carefully  avoided. 

Condenser,  Annaturi'  af*— ^  —(See  Arm- 
ature of  a  Candenur.) 
Condenser,  Cai>aeitj  of  — —  -  -The  quan- 
of  electricity  in  coulombs  a  condenser  is 
pable  of  holding  before  its  potential  in  volts 
raised  a  given  amount* 
The  ratio  between  the  quantity  of  clectric- 
tn  coulombs  on  one  coating  and  the  poten* 
difference  in  volts  between  the  two  coat- 
\^%,^{Ayrt0n^ 

capacity  is  directly  proportional  lo  the 
rge  Qi  ^'id  inversely  proportional  to  the  po. 
itial  V,  or, 

re  Q  »«  K  V»  the  quantity  of  electricity  re- 

to  charge  a  condenser  to  a  given  potentkl 

equal  to  the  capacity  of  the  condenser  muUi* 

ed  hf  the  potential  through  which  It  is  carried. 

The  capacity  of  a  condenser  increases  in  direct 

to  the  increase  in  the  area  of  its  coat^ 

Wlm  11m  eoadngs  are  plane  and  parallel  to 

I  other,  the  capacity  of  the  condenser  \^  in  the 

\  ratio  to  the  distance  between  the  coatings. 

GoiidfiiM^r,  Coating  of (See  Coat^ 

of  Condenser^ 

Cun  denser,  Plate  — ^  -A  condenser,  the 
Metallic  coalings  of  which  are  placed  on 
uiiably  supported  plates^ 

CondenMcr,  Poles*  of  — -  —(Sec  FoUt  of 
Cmdtnsir,) 

Condendor^    Tlme*Constant    of -^ 

The  lime  in  which  the  charge  of  a  condenser 
tills  to  the  1*3.7182^  part  of  its  original 
nlue. 

Condennei^  Dintrilintlon  of  Electricity 
If  MeniiB  of (Sec  Eleciricity,  Dishy 


tuiion  of  by  Ali^naiing  Currents,  by  means 

of  Condtnsen  Eiectnciiy,  Distribution  of 
by  Continuous  Currents^  by  means  of  Com* 
densers.) 

Conduct,— To  pass  electricity  through  con- 
ducting substances. 

To  determine  the  general  direction  in  which 
electricity  shall  pass  through  the  ether  or 
dielectric  surrounding  the  sorcaUed  conduct- 
ing substance*    (See  Conduction,  Eke  trie.) 

Conductance.— A  word  sometimes  used  in 
place  of  conducting  power. 
Conductivity. 

Conductance.  Magnetic  ^—  —A  word 

sometimes  used  instead  of  magnetic  permea- 
bility,    (See  Permeability  Magnetic^ 

The  magnetic  conductance  is  equal  to  the  total 
induction  through  the  circuit  divided  by  the 
m  ague  tiring  force. 

Conducting  Cord.— (Sec  Cord,  Conduct" 

Conduct iug.  Electrical -—Possessing 

the  power  of  passing  electricity  through  any 
conducting  substance. 

Possessing  the  power  of  determining  the 
direction  in  which  electricity  shall  pass  through 
the  ether  surrounding  a  substance.  (See 
Conductof',) 

Conducting  Power. — (See  P&iutr  Con* 
ducting.) 

Conducting  Fow«r  for  Electricity,— (Se^ 

Pffmtr\  Conducting,  for  Electricity.) 

Conducting  Power  for  Lines  of  Majr 
netic  Force.— (See  Force^  Magnetic,  Linu 
of  Conducting  Power  of*) 

Conducting    Power,   Tallies   of^^  — 

(See  Pow€r,  Conducting,  Tables  of.) 

Condnction  Curreut.— (See  Current,  Cm^ 
duction^ 

Conduction,  BIsrupfIro  — ^  —A  species 
of  conduction  in  which  the  resistance  of  ***» 
conductor  is  suddenly  overcome. 

Disniptivc  coniuction  is  ^en  in  the  dtsmptivf 
discharge  of  a  condenser,  or  Leydea  jar. 

Condnction,      Electric The     so 


Con.] 


120 


[Cm. 


called  flow  or  passage  of  electricity  through 
a  nietallic  or  other  similarly  acting  substance. 

The  ability  of  a  substance  todetermme  the 
direction  in  which  electric  energy  shall  be 
transniitled  through  the  ether  surrounding  it. 

The  ability  of  a  substance  to  determine  the 
direction  in  which  a  current  of  electricity 
passes  from  one  point  to  another. 

When  a  conducting  wire  has  its  cuds  coaoccted 
Willi  an  dec  trie  lource,  a  omrctit  of  elcctriciiy  is^ 
m  common  language,  said  lo  flow  throuijh  tlie  wire, 
and  this  was  formerly  believed  to  be  a  correct 
Statement,  According  to  modem  views,  however, 
the  electric  energy  is  believed  to  pass  through  the 
ether  or  other  dielectric  surrounding  the  con* 
ductor,  the  so-called  conductor  forming  merely 
a  sirik^  where  the  electrical  energy  dissipates 
itself.  The  conductor  simply  acts  to  direct  the 
current. 

Since,  however,  the  energy  practically  passes 
by  means  of,  and  in  Ihe  general  direction  of  the 
conductor,  there  is  no  objection  in  speaking  of 
the  electricity  as  flowing  through  the  conductor* 

Condnctlon,  Electric,  BismptiYe -^ 

A  conduction  of  electric  energy  which  ac- 
companies a  disruptive  disclmi^e.  (See 
Discharge,  Disruptive^ 

Condnctifiii,  Electric,  Metallle A 

conducting  of  electric  energy  of  the  same  char- 
acter as  that  which  occurs  in  inetallic  sub- 
stances. 

Condnetlon^  Electrolytic A  term 

sometimes  employed  to  indicate  ihe  passage 
of  electricity  through  an  electrolyte. 

There  is  no  passage  of  electricity  through  an 
electrolyte  in  the  same  sense  as  through  an  ordi- 
nary conductor. 

\\Ticn»  through  electrolysis,  an  electromotive 
force  is  brought  to  bear  on  a  mokculc  of  say 
HCl,  it  is  assumed  by  some  that  the  libtTated 
hydrogen  atoms  travel  on  the  Mhole  in  one  di* 
rection,  and  the  liberated  chlorine  atoms  in  the 
opposite  direction.  The  atoms  thus  moving 
Lhrough  tlie  liquid  may  by  their  electric  charges 
be  assumed  to  convey  electricity,  and  tliis  fact 
has  given  rise  to  the  terra  dectrolytic  conduc- 
tion. 

In  electrolytic  conduction  the  charges  are 
necessarily  equal,  but  the  speeds  of  their  motion 
arc  unequal*     In  a  given  liquid^  each  atom  has 


Its  own  rate  of  motion,  no  matter  with  what  h 
has  been  combined.  Hydrogen  travels  faster 
than  any  other  kind  of  atom.  The  coxidttCtivity 
of  a.  liquid  depends  on  the  sum  of  the  speedl  with 
which  the  two  opposed  atoms  traveL 

This  assumed  double  stream  of  oppositely  mov 
ing  atoms  is  denied  by  most  physicists.  (See 
Ify^Qtkesu^  Crgtihus.) 

CondoetlTe-Blschai^.— (See  Disckmrg§, 

Conducirue^ 

CondacilTity,  Electric  —  — The  redp* 

rocal  of  electric  resistance. 

Since  the  conductivity  b  greater  the  less  the  re* 
sistance,  the  conductivity  will  lie  ecjual  to  the  redp* 
rocal  of  the  resistance^  and  may  be  sodefbed.  The 


conductivity  is  therefore  equal  to 
Condnctirity,  ^Equivalent  - 


R' 


-A  COO" 


ductivity  equal  to  tlie  sum  of  several  conduc* 
livitics. 
CoiiduetiTlty  per  Unit  of  Ifa89«—The  te» 

ciprocal  of  the  resistance  of  a  substance  per 
unit  of  mass. 

Condiietivity  per  Unit  of  Tolnme.— The 

reciprocal  of  the  resistance  of  a  substance 
per  cubic  centimetre  or  per  cubic  inch. 

The  resistance  is  measured  from  one  face  of 
the  cube  to  the  opposite  face. 

Condoetivity  Restsfance. — (See  Reti^ 
anee^  Conductivity?^ 

Conductivity,    Speciflo ^Tlie  paiv 

ticular  conductivity  of  a  substance  for  elec* 
tricity. 

The  specific  or  particular  resistance  of  a 
given  length  and  unit  of  Cross-section  of  a 
substance  as  compared  with  the  same  length 
and  area  of  cross-section  of  some  standard 
substance* 

CondiictiYity,  Specifle  Hagnetlo — 

The  specific  or  particular  pcrmeabiUiy  of  % 
substance  to  lines  of  magnetic  force. 

Tlie  specific  magnetic  conductivity  is  roeasyi^ 
by  the  ratio  of  the  magnetization  produced  to  the 
magnetizing  lorce  which  produces  it. 

The  specific  magnetic  conductivity  is  the  an- 
alogue of  specific  inductive  capacity,  or  coodiie- 
tivity  for  lines  of  electrostatic  force*  It  is  also  Vbm 
analogue  for  spedfic  conducting  power  for  beat* 


121 


[Con, 


r* — A  substance  which  will  pcr- 
I  passage  of  an  electric  current, 
cc  which  possesses  the  ability  of 
I  liie  direction  in  whkh  efcctridty 
pm  tlvoogh  the  ether  or  otlicr  didec- 
rounding  it. 

I  etectrolylcs,  fucfe,  for  cacaraplc,  as  r»ri- 
lures  of  sulphuric  acid  and  wmter,  possess 
^wcr  of  conducting  electricity,  and  there- 
lie  a  specific  resistance.  Generally,  how- 
e  passa^  «rf  the  dcctrolyzing  current  is 
^  aes  different  from  that  of  a  current  which 
^eats  the  condnctor* 

jppace  or  region  around  a  conductor 
\  which  an  electric  current  b  passing  has 
ptic  field  produced  in  tt. 
frm  cnnductoir  is  opposed  to  non-conductor ^ 
kKtuice  which  will  not  permit  the  passage 
fcctiic  cxirrcnt  through  it  after  the  manner 
Idodor. 

tanns  conductors  and  non  conductors  are 
laftnre.  There  arc  no  sttch  things  as 
^ertect   conductors  or    perfect   non^coBi- 

bctoTS  in  general,  arc  distinguished  from 

ri,  in  that  the  latter  do  not  allow  the 
to  pass  save  by  undergoing  a  chemical 
IpMtioti, 

knrt^ir.     Anisotropic A    con- 

Which.  thotigli  homogeneous  in  struc- 
^^  crystjUline  bodies,  has  different 
Pphtoperties  in  different  directions,  just 
(tats  have  different  properties  in  the 
pi  of  ihdr  different  crystalline  axes. 

itropic  cmtductors  possess  different  powers 
tic  conduction  in  different  directions, 
ale  directions  along  (he  same  axis  their 
r  U  equal.  They  differ  m  this  respect 
condttitars.     (See  Condudfir^  ho- 

itdr,  AntMndiiction A  con- 

[  so  constructed  sis  to  avoid  injurious 
re  effects  from  neighboring  tel^^phic 
Lric  l^hf  and  power  circuits. 
Rnfi-iiidticdon  conductors  ■omctimes  con- 
\  comiijctoc  lor  constant  currents  and  a 
allicid  sumundtng  the  conductor,  and 
I  to  pretent  uidQCtion  from  taking  place 
ifctedf. 
isti-tndiictaoB  coodiictor   generally  con^ 


sists  of  twin  conductors  surroimded  by  ev^inary 
insulation  and  sometimes  enclosed  by  somefiDim 
of  metallic  shield,  in  order  to  prevent  the  actiini 
of  electrostatic  induction. 

When  a  periodic  current  ii  to  l>e  transmitted 
through  a  conductor,  the  most  effective  way  Ckf 
annulling  its  inductive  effects  on  neighboring  cir- 
«custs  is  to  place  the  lead  of  the  conductor  in  the 
aais  of  another  conductor,  used  as  a  return.  In 
other  words,  to  employ  concentric  cyhndcrs,  in- 
sulated from  one  another  and  from  the  earth. 
Under  these  conditions,  calling  the  current  in  one 
direction  positive,  and  in  the  other  direction 
negatiire,  the  shielding  action  will  be  perlect 
when  the  algebraic  sum  of  the  currents  in  the 
core  and  sheath  are  tero, 

The  same  effect  is  obtained  in  metallic  drctuts, 
by  placing  the  leads  parallel  lo  the  return,  and 
crossing  and  recrossiog  the  wires  repeatedly. 
(Sec  CmtmitioH,  TiUphanic  Crots,) 

Elihu  Thomson  renders  ordinary  telephone 
conductors,  arranged  as  single  lines  with  earth 
returns,  free  from  induction  by  means  of  the 
counter -electromotive  force  produced  in  a  cofl  of 
wire  by  the  disturbing  cause. 

In  applying  this  system  to  the  case  of  an  elec- 
tric arc  or  power  line  passing  alongside  a  tele- 
phone line,  a  wire  coil,  whose  turns  are  pro- 
portioned in  number  to  the  induction  to  be  bal- 
anced, is  introduced  into  the  electnc  light  line 
and  placed  near  another  coil  of  finer  wire  inserted 
as  a  loop  in  the  telephone  circuit.  The  second  coil 
is  placed  parallel  to  or  inclined  at  an  angle  lo  the 
first  coil.  In  practice,  the  second  coil  is  inclined 
until  the  counter -induction  set  up  in  the  tele- 
phone wire  IS  equal  to  that  produced  in  the  main 
line,  and  silence  is  thus  produced,  so  far  as  in- 
duction is  concerned,  in  the  telephone* 

Conductor,  Armored   — A  conduce 

tor  provide*]  with  a  covering  or  sheathing  of 
metal  placed  over  the  insulating  covering  for 
protection  from  abrasion  or  external  wear. 

Armored  conductors  arc  used  in  situations 
where  the  conductor  is  exposed  to  abrasion  OT 
other  external  wear. 

Con<liict4ir,  Branch  — -  —A  conductor 
placed  in  a  shunt  circuit.  (See  Circuity 
SkunJ,) 

Conductor,   Oosed-Clrenlted A 

conductor  connected  as  a  closed  or  cotn* 
pleted  circuit. 
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Conductor,  Conjugate In  a  system 

of  lirjear  conductors,  any  pair  of  conductors 
that  are  so  placed  as  regards  each  other  that 
a  variation  of  the  resistance  or  the  electro- 
motiA^e  force  in  the  one  causes  no  variation  in 
the  current  of  the  other. 

Conductor,    Earth  Circuits   - —   —A 

conductor  connected  to  the  ground,  or  to  an 
€anh -connected  circuit. 

Condactor,  House^SerTice A  term 

employed  in  a  system  of  n^ultiple  incan- 
descent lamp  distribution  for  that  portion  of 
the  circuit  which  is  included  between  the  ser- 
vice cut-out  and  the  centre  or  centres  of  dis- 
tribution, or  between  this  cut-out  and  one  or 
more  points  on  house  wains. 

Conductor,  Inotropic ^A  conduc- 
tor which  possesses  the  same  powers  of  elec- 
tric conduction  in  all  directions^ 

An  electrically  homogeneous  conducting 
medium. 

Conductor*  ]>akagre A  conductor 

placed  on  a  telegraph  circuit  for  the  purpose 
of  preventing  the  disturbmg  effects  of  leakage 
into  a  neighboring  Ime  by  providing  a  direct 
path  lor  such  leakage  to  the  earth. 

The  leakage  conductor,  as  devised  by  Varley 
consists  of  a  thick  wire  attached  to  the  telegraph 
pole.  The  lower  end  of  the  conductor  is  grounded, 
and  its  upper  end  projects  al)ove  the  top  of  the 
pole. 

There  exists  some  doubt  in  the  minds  of  cxpe* 
rienced  telegraph  engineers  whether  it  is  well  to 
apply  leakage  conductors  to  telegraphic  or  tcle> 
phonic  lines  of  over  12  or  15  miles  in  length, 
since  such  conductors  grealW  increase  the  eiectro- 
static  capacity  of  the  line*  and  thus  cause  serious 
retardation . 

Conductor,    Lightning    —A    term 

sometimes  used  for  a  lightning  rod.  (Sec 
Rod,  Lightning.) 

Conductor,  Open-Circuited A  con- 
ductor arranged  as  an  open  or  broken  circuit* 

Conductor,  Pot<?ntlal  of The  rela- 
tion existing  between  the  quantity  of  elec- 
tricity in  a  conductor  and  its  capacity. 

A  given  quantUy  of  electricity  wHl  raise  the 


I 
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potential  of  a  conductor  hi|^her  in  proportioQ  &s 
the  capacity  of  the  conductor  becomes  less. 

Conductor,  Potential  of,  Metliods  of 
Tarjing' The  potential  of  a  conductor 

may  be  varied  in  the  following  ways  x 

(t.)  By  varying  Its  electric  charge, 

{2.)  By  varying  its  sixe  or  shape  without  alter- 
ing its  charge. 

(3.)  By  varying  its  position  as  regards  ndgh^ 
boring  bodies. 

This  resembles  the  case  of  a  gas  whose  tensloa 
or  pressure  may  be  varied  as  foUowSt  vii.i 

(I,)  By  varying  the  quantity  of  gas. 

(2.)  By  varying  the  size  of  the  gas  holder  in 
which  it  Is  kept,  and 

(3.)  '^^  varying  the  temperature. 

Difference  of  potential,  therefore,  corresponds—* 

(I.)  With  diBerence ot  level  in  liquids. 

(2. )  With  difference  of  pressure  in  gases. 

(3,)  With  difference  of  temperature  iii  heat. 

— {A\rttm,\ 

Conductor,  Prime  - — —  —The  positive 
conductor  of  a  frictiona!  electric  or  electro- 
static machine.  (See  Machine^  Friitionai 
EUctric.) 

Conductor,    To  Short-Circuit  a 

To  shunt  a  conductor  with  a  circuit  of  com- 
paratively small  resistance. 

Conductor,  UEdcrpronnd An  elec- 
tric conductor  placed  underground  by  actual 
burial  or  by  passing  it  through  underground 
conduits  or  subways. 

Underground  conductors,  though  less  unsightly 
than  the  ordinary  aerial  conductors,  require  to 
be  laid  with  unusual  care  to  render  them  equally 
safe,  since,  when  contacts  do  occur,  all  the  wires 
in  the  same  conduit  arc  apt  to  be  simultaneously 
alTectcd,  thus  spreading  the  danger  in  many  dif* 
f eren  i  direc  tions .  They  arc,  how  ever,  less  liabJe  to 
dangers  arising  from  occasional  accidental 
or  contacts, 

Confine  tors,   Serrice  — —  —Conductors 

employed  in  systems  of  incandescent  lighting 
connected  to   the  street  mains  and  to   ihc^ 
electric  apparatus    placed    in    the  separatofl 
buildings  or  areas  to  be  lighted,  ™ 

Condttit,  Cement-Lined  —A  cable 

conduit,  the  separate  ducts  of  which  are  s<sr» 
rounded  by  any  suitable  cement* 


I 
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Condait,  Handliole  of  - 
fU  of  Cfmiiuiiij 
C4>adttll,  Hanhole  of  - 
fif  of  Conduit,) 

Conduit,     Multiple  — 


-(See  Hand- 


— (See  Afati'- 


-  — A  conduit 
formed  of  concrete  or  other  insulalmg  male- 
rial,  and  liimished  with  a  number  of  separate 
ducts. 

Conduit,    Open-Box   — A    conduit 

consisting  of  an  open  box  of  wood  placed  in 
n  tivnch  and  closed  with  a  wooden  cover 
after  the  introduction  of  the  cable* 

Cables  or  wires  may  be  drawn  through  such 
coodiiils  in  the  usual  manner. 

Condnit«  Roddlng*  a  —  ^Introducing  a 
wire  or  rupe  into  the  duct  of  a  closed  conduit 
preparatory  to  drawing  the  cable  through. 

Various  methods  are  in  use  for  rociding  a.  con- 
One  much  followed  consists  in  using  sec- 
DOS  d  gas  pipe,  the  ends  of  which  are  furnished 
bith  screw  threads. 

The  sections  arc  about  four  feet  in  length ,     One 

doQ  is  pushed  into  the  duct  at  one  manhole 
iftd  the  successive  scctiona  are  introduced  into 
the  duct  and  screwed  onto  the  secUon  in  the  duct 
sad  pmibed  through  until  a  sufficient  length  is 
obCiciiied  to  reach  the  next  manhole,  a  rope  or 
cable  is  then  pulled  through  from  one  manhole  to 

r  nent. 

Con d nit,  rndergTonnd  Electric 

An  underground  passageway  or  space  for 
the  reception  of  electric  wires  or  cables.  (Sec 
Smkwa/,  Electric.) 

C6llf«Utlon.--The  act  of  freezing,  or  the 

ange  of  a  liquid  into  a  solid  on  loss  of  heat* 

r  change  of  pressure. 

Conjn^ate  Colls. — (Sec  Coils,  Conjugate:^ 

Connect. — ^To  place  or  bring  into  electric 
COdUcL 

Goanertlng.^ — Placing  or  bringing  into  elec- 
Uic  contact* 

CoancctJon  for  Intensity.— Connection  in 
icna,    (Sec  Connection^  Series.) 

Tliis  tom  is  now  nearly  obsolete. 

C^BBiCtlon  for  Quantity. — Connection  in 
ttttlliplei     {Scc^  Connection,  ^fuitiplei\ 

nit  tain  b  now  nearly  obsolete. 


Connection,  Mercurial    — A   form 

of  readily  adjustable  connection  obtained  by 
providing  the  poles  of  one  piece  of  electric 
apparatus  with  cups  or  cavities  filled  with 
mercury,  into  which  the  terniiaals  of  another 
piece  of  apparatus  are  dipped  in  order  to 
place  the  two  in  circuit  with  each  other. 

This  form  of  connection  is  used  particularly 
when  a  very  perfect  contact  or  one  Ircc  from 
friction  is  desired. 


Conne<>tIon,  Ifiiltiple  - 


-Such  a  con- 


nection of  a  number  of  separate  electric 
sources,  or  electro-receptive  devices,  or  circuits, 
that  all  the  positive  tenninals  are  connected 
to  one  main  or  positive  conductor,  and  all  the 
negative  terminals  are  connected  to  one  main 
or  negative  conductor. 

In  the  multiple  connection  of  a  number  of 
electro- receptive  devices,  when  the  devices  are 
connected  as  above  described  to  positive  and 
negative  leads  that  arc  maintained  at  a  constant 
difference  of  potentiaU  the  currt^nt  passes  through 
the  devices  from  one  lead  to  the  other  by  branch- 
ing and  flowing  through  as  many  separate  cir* 
cuits  as  there  are  separate  receptive  devices, 
and  4:he  opening  or  closing  of  one  of  these  cir- 
cuits  docs  not  affect  the  others.  (See  Circuits^ 
Varudi-s  of.) 

Connection,  Multiple-Series ^Such 

a  connection  of  a  number  of  separate  electric 
sources,  or  separate  electro-receptive  de- 
vices, or  circuits,  that  the  sources  or  devices 
are  connected  in  a  number  of  separate  groups 
in  scries,  and  each  of  these  groups  connected 
to  main  positive  and  negative  conductors  or 
leads  in  multiple  arc,  (See  Circuits,  rarie- 
tits  of) 

Connection  of  Battery  for  Quantify, — 
(See  Battery,  Connection  of,  J  or  Quantity,) 

Conneetlon  of  Electric  Sonre es  In  Cas- 
cade.—(See  Cascade,  Connection  of  Electric 
Sources  in.) 

Connection  of  Toltaic  Cells  for  Inten- 
sity,— (See  Intensity,  Connection  of  I'altaic 
Cells  for.) 

Connection,  Series ^The   connec- 

lion  of  a  number  of  separate  electric 
sources,   or  electro-receptive  devices,  or  cir- 
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cmtSt  so  that  the  current  passes  successively 
troni  the  first  to  the  last  in  the  circuit.  (See 
Circuits,  Varieties  of, ) 

Ooiueetion,  SeriesMtilti pie ——Such 
a  connection  of  a  number  of  scpaxate  electro- 
receptive  devices,  that  the  devices  arc  placed 
in  multiple  groups  or  circuits,  and  these 
separate  groups  connected  with  one  another 
in  series, 

Cotiueetioti,  Telephonic   Cross 

A  device  employed  in  systems  of  telephonic 
conununication  for  the  purpose  of  lessening' 
the  bad  effects  of  induction,  in  which  equal 
lengths  of  adjacent  parallel  wires  are  alter- 
nately crossed  so  as  to  alternately  occupy  the 
opposite  sides  of  the  circuit. 

Connector. — A  device  for  readily  con- 
necting or  joining  the  ends  of  two  or  more 
Witts.     {See  Post,  Bindings) 

Connector,    I>oahle . 
A  form  of  bind- 
ing screw  suitable  for 
readily  connecting  tvso 
wires  together* 

A  lorm  of  double  am- 
ncctor  13  shown  in  Fig. 
170. 

Connin^r  Tower  ^ 
(See  Timber,  Ltrnmrt^,) 

Consequent  Points.— (See  Paints,  Corner 
^umt:) 

Coiuie{|neiit   Poles.— (See    Poles,    Conse- 

C4>iierTation  of  Energy.— (See  Ener^, 
Conservation  o/^ 

Con^ionance,  •'  In  Consonance." — A  term 
crop!o)'ed  to  express  tlie  fact  that  one  simple 
periodic  quantity,  /.  e.^  a  wave  or  %'ibration, 
agrees  in  phase  with  another. 

Constiinf . — That  which  remains  invariable, 

Constant-Current,— (See  Current,  Cm- 
stamt.) 

r^mstant-CniTeRt  CiPCuit,— (See  Circuity 
Constant  Current.) 

Constant-Onrrent,  INfltrlbntlon  of  Elee* 

tricity   by —(See  Ei^ctricitj,    Distri-^ 

duiiOH  of,  by  CanstaiU  Currents,) 


Fig*  ifo,    Ihmkk 


C4>iistant,  Blelectiie —A  term  some- 1 

times  employed  in  place  of  specific  indoctn'e ' 
capacity,    (See  Capacity,  Spetijk  ImdmcHm.y 

Constant*     Oalraiiometer    — ^Thel 

numerical  factor  connecting^ the  current  pass*' 
ing  through  a  gah'anometcr  with  the  deflec- 
tion product  by  such  current. 

Sometimes  a  distinction  is  made  between  the 
galvanometer  constant  and  the  reduction  £u:tor, 
the  former  bciDg  used  to  indicalc  the  reiadon 
between  the  current  and  the  geometrical  cxmstu&l 
of  the  galvanometer,  while  the  latter  ia  nsod  iaj 
the  sense  just  de6ned  of  galvanoiaeler  consta 

Constant  Inductanee. — (See  Indttctamce^  ] 

Constant,^ 

Constant      PoientlaL— (See      PotmHal,\ 
Constant.) 

Constant^Potenffal    Clrcoit,— (Sec    Ofir^J 
€mit,  Constant-Potential.) 

Constant,  Time*  of  Electm-Magnei \ 

— ^Thc    time   required    for  the   magnetiiing 


current  to  rise  to  the  - 


of  its  final  value. 


Contact-Breaker,    Automatle  — A^ 

de\ice    for    causing  an   eiectric    current  t6^| 
rapidly  make  and  break  its  own  circuit. 

The  spring  c^  Fig,  171,  carncs  an  armature  dt 
soft  trun^  B,  aod  ts 
placed  in  a  circuit  in 
&uch  a  maimer  that 
tlie  circuit  13  closed 
when  platinum  con- 
tacts placed  on  the 
ends  of  D  and  B, 
touch  each  other.  In 
this  case  the  arma* 
ture,  B,  is  attracted  to  * 
the  core  A,  of  the 
electro- magnet,  thus 
breaking    the    circuit 

and  causing  the  magnet  to  lose  its  tnagnetisn. 
The  elasticity  of  the  spring  C,  causes  it  to  fly  bftck 
and  again  close  the  contacts,  thus  again  energia^ 
ing  the  electro-maguet  and  again  attracting  B, 
and  breaking  the  circuit  The  makes  and  breaks 
usually  follow  «u;h  other  so  rapidly  as  to  pfoJact 
a  musical  note*     (See  Alarm,  Electric,) 

Contact,  Dotting —An  etectric  gm^ 


Fig,  rfi.    AmUmmfk 
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tact  obtained  by  the  approach  of  one  con- 
ct  point  towards  another. 
Tbe  term  doUin|{  contact  is  used  in  contradis* 
to  a.  rubbing  contact.  The  rubbing 
ntact  w  generally  to  be  preferred,  since  it  tends 
Btcnnabcally  to  remove  dust  and  keep  the  con< 
ct  surfiices  polished  and  free  from  oxides, 

OiNitaei  HyiuunOb^See  Dynama^   Cm* 

CVMit^t  Electricity.  — (Sec  Electricity. 
Contnct^ 

CinftiittU  Fire- Alarm A  contact  so 

arranged  that  an  alarm  is  ghren  when  ajiy 
predctcftnined  temperature  is  reached. 

Fiie^aiarm  conlacis  are  generalJy  operated  bf 
Ike  czpanaoQ  of  a  metal  or  of  a  ccnd  acting  fluid, 
sodi  as  mercury.     (See  Th^ttufstai^) 

C39ftUet  Force.— (See  Forct^  Contact:^ 

OMl«rt*F«U-Metalllc A  contact. 

htcH  from  Its  small  resistance  establishes  a 
I  or  complete  connection.     (See  Contact^ 

C^Hitttft.  Intermttt^iit ^The  occa- 

^nal  contact  of  a  telegraphic  or  other  line 
other  wires  or  conductors  by  swings 
fcig;  or  bf  alternate  contraction  or  expansion 
under  changes  of  temperature. 

Ciai«ct,   Metallic -A  contact  of 

a  metalUc  conductor  produced  by  its  corainfj 

Iooonectkm  with  another  metallic 
uctor. 

Partial  ^^*— A  contact  of  a 
,  <jr  olher  line,  arising  from  defect- 
tton,  bad  earths,  or  connection  with 
iect  conductor, 

Ri>lliag  ^— *  —A  contact  con* 
acdad  with  one  part  of  an  electric  circuit, 
that  completes  the  circuit  by  being  rolled  over 
m  eoadoctor  connected  with  and  forming 
ttochcr  pan  of  the  circuit* 

RoOiag  contacts  are  employed  on  electric  rail* 
roads.    (See  Raitroad^  Eifciric,} 

Cbalaet,  Kabblng  ^—  —A  contact 
if  ected  by  means  of  a  rubbing  motion. 

\  Sarlea.— (See  Scries^  Cantact^ 

SlUfv A  contact  con* 

i  wUh  one  part  of  a  circuit  that  closes 


or  completes  an  electric  circuit  by  being  slid 
over  a  conductor  connected  with  another 
part  of  the  circuit. 

Sliding  contacts  are  employed  in  electiie  rail- 
roads, m  rheostats,  switches^  and  a  variety  of  <Hlief 
apparatus,  (See  J^aiirpmd^  EiiOric*  Rk^^itai* 
A'o\  Dis charge,) 

Contact,  Sfiia^  ^^  — A  spring-sap* 
ported  contact  connected  with  one  part  of  a 
circuit  that  completes  said  circuit  by  being 
moved  so  as  to  touch  another  contact  con- 
nected with  the  other  part  ol  the  circuit. 

The  moveioent  required  to  bnng  the  two  con. 
tacts  together  may  be  noO'^aalaBatic,  as  in  the  case 
of  a  push-button,  or  automatic,  as  in  tbe  cased 
a  thermostat    (See  BuUtm^  Push,    Tkerm4Simt»\ 

Coataet  Theory  of  Toltak  CelL— (See 

Celi^  Voitaic^  C^niact  Tksoryof.) 

Contnet,  Tibratinf  -=— — A  spring  con- 
tact, connected  with  one  part  of  a  circuil  and 
so  supported  as  to  be  able  to  Tibrate  towards 
and  from  another  contact  connected  with 
another  part  of  the  circuit*  thus  automatically 
closing  and  opening  said  circuit. 

A  vibrating  contact  is  used  in  the  automatrc 
contact-breaker  in  which  the  movement  of  aa 
armature  towards  in  electro- magnet  la  caused  to 
break  tlie  circuit  of  the  coils  of  the  dectro-magnct, 
and,  on  its  movement  away  from  the  magnet,  to 
dose  another  contact  which  again  oomplotci  the 
circuit  of  the  electro. magnet.  (See  (Mimct 
Breaker^  AtUamafie,) 

Contact^  Wipiiif  -^  ^A  contact  ob- 
tained  by  a  wiping  movement  of  one  coo* 

duclor  against  another* 

l*hc  spark  for  electricaily  Igniting  a  gas  jet  is 
obtained  by  means  of  a  wiping  contact  of  a  spring 
moved  by  the  motion  of  tbe  pendanL  (See 
BtiTfur^  Plain. Pendant  EUttric.} 

CoiitactjL— A  variety  of  faults  occasioaed 
by  the  accidental  contact  of  a  circuit  with  any 
conducting  body. 

The  word  contacts  as  employed  above  is  in  the 
sense  of  accidental  contacts  is  disliagviAed  hom 
predetermined  contacts. 

Contacts  of  an  accidental  diancter  are  of  the 
following  varieties,  vii.s 

(I.)  Fullt  or  nutallic^  as  vhea  the  circuit  ia 
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icddentallf  placed  In  £rm  conDectloQ  with  in* 
other  metalUc  circuiL 

(2.)  Partial,  as  bj  imperfect  conductori  being 
pliced  acrosa  wiro,  or  bad  eartbs,  or  defective 
jnswlatioiu 

(j»)  Intermiimi^  ti  by  occasioaaJ  coDtacts  of 
swinging  wireSr  etc. 

CoDtactA,  B  tir^lar  •  Alarm  —  —Con- 
tacts 6ttcd  to  windows*  doors,  tills,  steps* 
floors,  etc..  so  that  a  movement  of  the  paitl 
ffom  their  natural  position  gives  an  alarm  bf 
lounding  a  convenienUy  located  bell. 

Contacts,  Lamp  —  —Metallic  plates  or 
lings  connected  with  the  terminals  of  an  incan- 
descent lamptorready  connection  with  the  line. 

ContactSy  Mercnrial  —^  —Electric  con* 
lacts  that  are  opened  or  closed  by  the  ex- 
pansion or  contraction  of  a  mercury  cotumn* 

In  the  commonest  forms  of  mercurial  con- 
tacts, on  the  expansion  of  the  mercury  by  heat  it 
reaches  a  contaet  point  placed  m  the  tube»  and 
thus  completes  the  circuit  through  it  own  mais. 

Or»  on  contraction  it  break]  a  contact,  and  thus 
disturbmg  an  electric  balance,  sounds  an  alarm. 

Continental  Code  Telegraphic  Alphabet. 
—(See  AtpkaMt  Telegraphic^  Ini€rnaU0nai 
CoiU:) 

Contlnnltjr  of  Correitt-KSee  Currmi, 

ContliiuoQaCarreiil-*<See  Cumni,Cm* 
iimuaus^ 

Continuous    Carr^Et^    Ulalrlbutloii   of 

Electricity  by  — (See  Electricity^  Dis* 

iribution  of^ty  Constant  Cumnts:^ 

Cont In  110118  Carreati  Pj]iaaio*EIeetrfe 
Machine  — ^  -^(See  Mackinf^  I>yttam^ 
Eiectric,  Conttnumn  Curnnt^ 

ContlaQoas^uiidlng^  Electrlo  BalL— 
(See  Beii^  ContinumO'^mmding  EUctrie^ 

ContiuuoiiB  Wires  or  Coiidncton.^See 
Wires  or  Conductors^  Continuous^ 

Contraction,  Anodto  Closnro  ^—  —The 
muscular  contraction  observ^ed  on  the  closing 
of  a  voltaic  circuit,  the  anode  of  which  is  placed 
over  a  nervcp  and  the  kathode  at  some  other 
part  of  the  body. 

This  term  is  gaierilly  written  A.  C,  C. 


Contraction^  Anodfe  Barstlon  -^  . 

The  length  of  time  the  muscle  cootlnticf  k 
contraction  on  the  opening  or  closing  ofi 
circuit,  the  anode  of  which  is  placed  overtk 
part  contracted* 

This  term  u  genermUj  written  A,  D»  C, 

Contraction,    Anodic    Opentngr  ^^ 

The  muscular  contractioo  obsened  oa  ih« 
opening  of  a  voltaic  circuit*  the  anode  of  whjdi 
is  placed  over  a  nerve,  and  the  kathode  tt 
some  other  part  of  the  body. 

This  term  is  generally  written  A-  O.  €• 
When  the  anode  is  placed  over  a  nerve  laii 
weak  current  is  employed*  if  the  circuit  bcke^ 
closed  for  a  few  minutes,  it  will  be  nodced  tiui, 
on  opening  the  circuit  the  contraction  will  b 
much  greater  than  if  it  had  hccn  opened  iftcr 
being  closed  for  only  a  few  seconds*  TbeefltecT 
of  the  A.  O.  C.  therefore  dq>ends  not  on!y  on  tli 
current  strength,  but  also  on  the  time  dtuiaj 
which  the  current  has  passed  tlirough  the  Dcnt. 

Contraction  of  Lines  of  Ka^etle  Fores, 
—(See  Force,  Magngtic^  Contraction  #/ 
Unes  of.) 

Contractures  —  In  electro-therapeutics, 
prolonged  muscular  spasms,  or  tetanus^  caused 
by  the  passage  of  electric  currents. 

Contraplct  Telegraplij. — (See  Tel^r^ 
phy^  Coniraplex^ 

Controlled  Clock.— (See  Ctock^  Electric) 
Controller. — A  magnet,  in  the  Thomson- 
Houston  system  of  automatic  rtguUiioo, 
whose  coils  are  traversed  by  the  main  cur- 
tent,  and  by  means  oC  which  the  r^ulatflr 
magnet  is  automatically  thrown  into  or  out  of 
the  main  circuit  on  changes  in  the  streogtb 
of  the  current  pasting,  (See  li^gmMm, 
Automatic.) 
Controlling  Cloolc— 0ee  docl,  Bectrk) 

Controlling  Magnet— (Sec  Magnet.O^ 

irolting,) 

Contectton  Cmronts,— (SettCicffWi^,Ciia- 
vection.) 

ConTection,  Eleetrto  ^— ^  ^The  air  par* 
ticl^  or  air  streams^  which  are  thrown  off 
from  the  pointed  ends  of  a  charged,  aisdated 
conductor. 


ConTection  streams^  like  currents  flowing 
through  conductors,  act  magncticaily,  and  arc 
themselves  acted  on  by  magnets*  The  same  thing 
k  true  of  the  brush  discharge,  of  the  voltaic  arc, 
and  of  connective  discharges  in  vacuum  tubes* 

Convection^  Electrolytic A  term 

proposed  by  Hclmholtz  to  explain  the  appa- 
icnt  conduction  of  electricity  by  an  electro- 
Jytc,  without  consequent  decomposition. 

Hclmholtz  assumes  that  the  atoms  of  oxygen  or 
hydrogen^  adhering  to  the  electrodes  during  elec- 
trolysts»  arc  mechanically  dislodged  and  diffused 
through  the  liquid,  thus  carrying  off  the  elec- 
tricity by  the  charges  received  while  m  contact 
with  the  electrodes* 

CaoTeetian  of  Heat,  Electric (See 

Htat^  EUctrk  Cmwection  of.) 

CotiTectioti  Streams*,^ — (See  Streams^  Con- 

Con  fee  live  Discharge. — (See  Discharge, 
Convective.) 
Conversion,  ElUcleuey  ot,  of  l>ynanto 

ic  total  electric  energy  developed  by  a 

lo.   divided    by   the    total    mechanical 

tnciTgy  required  lo  drive  the  d>Tiamo*     (See 

Co^fficieni,  Economic,  of  a  Dynamo-EUctric 

M^uhitte,) 

The  efficiency  of  conversion 

_  W4-_w   _        W4- w 
=       M  W  -f  w  4  m, 

^^  where  W,  equals  the  useful  or  available  electrical 
^H  oiergy,  M,  the  total  mechanical  energy,  w,  the 
^B  deciriciil  energy  absorbed  by  the  machine,  and 
^H  m,  the  stray  power,  or  the  power  lost  in  hiction, 
^^MMy  currents,  atr  friction,  etc* 
^^PlConveriod  Cnrrentn*— (See  Currents, 
Cmveried,) 

Convi^rterp — The   inverted    induction    coil 
employed  in  systems  of  distribution  by  means 
of  alternating  currents. 
I  A  term  sometimes  used  instead  of  trans- 

^^  tonncr*     (See  Transformer,) 

^*     Converter,  Closed-Iron  Circuit — 

A  closed-iron  circuit  transformer.  (Sec 
Transf&rmer^  Closed-Iron  Circuity 

Conrerter.    Constanl-Ctirrent    — 

I A  constant-current  transformer.   (See  Trans- 
[/mmgr^  Cmstani-Curreni,) 


Conrerter,  Efficiency  of The  effi- 
ciency of  a  transfonner.  (See  Transformer, 
Efficiency  of) 

Converter  Fuse. — (See  Fuse,  Converter,) 

Ctrnvertcr,  Med^ehog^ — A  form  of 

traiisformer.    (See  Transformer,  Hedgehog,) 

Converter,  Multiple  — ^A   multiple 

transformer*     {See  Transformer,  Multiple,) 

Converter,  Open-Iron-Circnit An 

open-iron-circuit  transform  en  (See  Trans^ 
former.  Open- Iron-Circuit,) 

Convert^jr,  Series —A  series  trans- 
former.    (See  Transformer,  Series,] 

C^invertcn  Stci^down —A  step-down 

transformer.    (See  Transformer,  Step-dottm.) 

Converter,  Stcihup  — —  — A  step-«p 
transfonner.     (See  Transformer,  Step-up.) 

Converter,   Weldlngr ^A    welding 

transformer.     (See  Transformer,  Welding,) 

Converting'  Currents, — (See  Currents, 
Converting,) 

Cooling  Box  of  Hydro-Electric  Machine, 
— (See  Box,  Cooling,  of  Hydro-Eiectric 
Machine,) 

Co-ordinates,  Axes  of The  axes  of 

abscissas  and  ordinales. 

The  two  straight  lines,  usually  perpendicular 
to  each  other,  to  which  distances  representing 
values  are  referred  for  the  graphic  reprraen- 
tation  of  such  values.  (Sec  Abscissas,  Axes  of,) 

Copper  Bath*— (See  Sath,  Copper,) 

Copper  Plating. — (See  Plating,  Copper,) 

Copper  Rihhon* — A  variety  of  strap  cop- 
per*    (See  Copper,  Strap,) 

Copper,  Strap  - —  —Copper  conductors 
in  the  form  of  straps  or  flat  bars* 

Strap  copper  is  used  on  the  armatures  of  some 
dynamos.  Heavy  copper  conductors  for  such 
purposes  are  divided  into  strap  copper  so  as  to 
avoid  eddy  currents*  The  straps  are  placed 
alongside  one  another  and  insulated  by  a  coating 
of  varnish. 

Copper    Wire,  Mard*Brawn ^(Sce 

Wire,  Copper,  Hard-Drawn,) 

Copper    Wire,  S«ft-Brawn  — (Sec 

W^ire,  Copper y  Soji'Drawn}\ 
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5  of  dynamo^lectric  machines  m  order  to 
rprcvcnt  undue  accumulation  of  heat. 

A  properly  proportioned  dyQamo^axTnaturc 
may  need  no  vcntilatioD,  since  in  such  the 
amount  of  heat  generated  is  small  as  compared 
wttli  the  extent  of  the  radiating  surface. 

Since,  however,  in  practice  all  armatures  tend 
to  beat  «t  full  load,  especially  in  certain  installa- 
tioos  in  heated  situations,  ventilation  of  the  ar* 
;  is  desirable. 


Core,  Closed -Magnetic A  mag- 
netic core  so  shaped  as  to  provide  a  complete 
I  path  or  circuit  for  the  lines  of  magnetic 
orcc  of  its  field. 

Core,   Luiuinat^d  ^ — -—A  core   of   iron 
hich  has  been  di\ided  or  lam  mated,  in  order 
avoid  the  injurious  production  of  Foucault 
currents. 

Corp«    Laniinattoii    of  — Structural 

ibdi visions  of  the  cores  of  magnets,  arma- 
Tcs,  and  pole-pieces  of  dynamo-electric 
achines^  electric  motors,  or  similar  appa- 
itus,  in  order  to  prevent  healing  and  subse- 
[uent  loss  of  tnerg>*  from  the  production  of 
lI,  eddy  or  Foucault  currents^ 

These  lamioations  are  obtained  by  forming  the 
COfcs  of  sheets,  rods^  plates,  or  wires  of  iron  In- 
nlaftcd  from  one  another. 

Tlic  cores  ol  dynamo -electric  machine  arma- 
tioci  sboiald  be  subdivided  in  planes  at  right 
to  the  armature  coils;  or  in  planes  parallel 
die  direction  of  the  lines  of  force  and  to  the 
oi  llie  armature;  or,  io  general,  in  planes 
perpendicular  to  the  currents  that  would  otherwise 
bcfcnerated  in  them. 

Pole -pieces  should  be  divided  in  planes  per- 
peodicular  to  the  direction  of  the  currents  in  the 
armature  wires. 

Magnet  cores  should  be  divided  in  planes  at 
light  angles  to  the  magnetizing  ctnrent. 

Corv  of  CaMe. — The  conducting  wires  of 
la  electric  cable,    (See  CadU,  EUcfric) 

Core,  Open-Xa^netic  —Any  mag- 

aetic  cote  so  shaped  that  the  lines  of  magnetic 
iOfCe  ol  iU  field  complete  their  circuit  partly 
llrough  iron  and  partly  through  air. 

C«re  Bati«  of  Cahle^See  Gz^Ar,  Care 
limits  qf) 


Kangjkai 

^Hb  die 

^K  pupeui 


Core,  Rlnf ^A  hollow,  cylindrical 

core  of  short  length. 
Cor«,  RinsT,  Elon^alM A  hollow, 

cylindrical  core  of  comparatively  great  length. 

Core,  Solenoid A  core  so  arranged 

as  to  be  drawn  into  a  solenoid  on  the  passage 
of  the  current  through  its  coils,  and  to  be 
withdrawn  therefrom,  on  the  stopping  of  the 
current  by  the  action  of  a  spring  or  weight. 
(Sec  SoUnaid.) 

Core,    Stranded^    of    CaMe The 

conducting  wire  or  core  of  a  cable  formed  of 
a  number  of  separate  conductors  or  wires  in- 
stead of  a  ^li^^  conductor  of  the  same  weight 
per  foot  as  the  combined  conductors. 

C4>re  TniiidforiDer.^(See    Tramformir^ 

Core.) 

Cored  Carbons.— (See  Carbons,  Cored) 
Cored        Kleetrodes.— (Sec      Electrodes, 

Cored.) 
C4»ron»t  Aur«>ral ^A  crown-shaped 

appearance,  sometimes  assumed  by  the  auro- 
ral light,    (See  Aurora  Boreal  is.) 

Corposant.^ A  name  sometimes  given  by 
sailors  to  a  St.  Elmo's  Fire.     (Sec  Ftre,  Si, 

Elmo's^) 

Correlation  of  Enerfy,— (See  Entrgy, 
Correlation  of,) 

Corresponding  Points. — (See  Points,  Cor- 

responding .) 

Cosine.^One  of  the  trigonometrical  func- 
tions.    (See  Trigonometry,) 

Cotangent. — One  of  the  trigonometrical 
functions.     (Sec  Trigonometry.) 

Conloinb. — The  unit  of  electrical  quantity. 

A  definite  quantity  or  amount  of  the  thing 
or  effect  called  electricity. 

Such  a  quantity  of  electricity  as  would  pass 
in  one  second  in  a  circuit  whose  resistance  is 
one  ohm»  under  an  electromotive  force  of 
one  volt. 

The  quantity  of  electricity  contained  in  a 
condenser  of  one  farad  capacity,  when  sub- 
jected to  an  electromotive  force  of  one  volt. 

The  quantity  of  electricity  that  flows  per 
second  past  a  cross-section  of  a  conductor 
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conveying  an  amp^re.^ — ^yrton^  (See  Am- 
p^re.    Farad,     Voli.j 

Conlomb^s  Torsion  Balance. — (See  BaU 
an€t%  Coulomb's  Torsion,) 

Conlomli'Yolt — A  Joule,  or  7373  foot- 
pound* 

The  term  is  general] 7  written  v&U-amlomb. 
(Sec  V&ltXoulomh.) 

Caimt^r,    Electric A    device    for 

counting  and  registering-  such  quantities  as 
the  number  of  fares  collected*  gallons  of  water 
pumped,  sheets  of  paper  printed,  revolutions 
of  an  engine  per  secondi  votes  polled,  etc. 

Various  electric  devices  are  employed  for  tbis 
porpose.  Tlicy  are  generally  electro  -  magnetic 
in  character. 

Coonter-ElectroDiotive  Force,  —  (See 
Force ^  Fkctromoiive,  Counter.) 

Coiuiter  ElcctromotiTc  Force  Ll^litning: 
ArrestBr, — (See  Arrester,  Lightning,  Coun- 
ter-Elt'ctromoiive  Force,) 

Connter-EIeetmmotive  Force  of  Convec- 
tl?e  Discharge. — (See  Force,  Eieciromotive, 
Counter,  of  Convective  Discharge.) 

Countcr-EleciromotiTe  Force  of  Mutual 
Induction.— (See  Force,  Electromotive, 
Counter,  of  Mutual  Induction^ 

Counter-Electromotive  Force  of  Selfln- 
0  net  I  on.— (See  Force,  Electromotive,  Coun^ 
ter,  of  Self -Induction^ 

Countcr-ElectromotiTo  Force  of  Self-in- 
duction of  tlie  rrimary,— (See  Force, 
Electromotive,  Counter,  of  Self -Induct ion  of 
the  Primary,) 

Counter-EIectromotlvo  Force  of  SelMn- 
dacticin  of  the  Secondary.— (See  Force, 
Electromotive,  Counter,  of  Self-Induction  of 
the  Secondary^ 

Countcr-ElectromottTe  Force  of  tlic 
Primary,— (See  Force,  Electromotive^ 
Counter^  of  the  Primary:) 

Counter  Inductifc  Effect— (See  Effect, 
Counter  Inductit^e,) 

Conple. — In  mechanics,  two  equal  parallel 
forces  acting  in  opposite  directions  but  not  in 
the  same  line,  and  tending  to  cause  rotation. 

The  moment  J  or  effective  pirmer  of  a  couple^  is 
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equal  to  the  intensity  of  one  of  the  forces  midtipb'ed 
by  the  perpendicular  distance  between  thcdirec^ 
lions  of  the  two  forces. 

Couple,  Astatic  — -Two  magnets  of 

exactly  equal  strength  so  placed  one  over  the 
other  in  the  same  vertical  plane  as  to  com- 
pletely neutralize  each  other. 

An  astatic  couple  has  no  directive  tendency,  A 
pair  of  magnets  combined  as  an  astatic  couple  is 
called  an  astatic  needle.    (Sec  Needle^  Astaiu,) 

Couple,  Magnetic ^Thc  couple  which 

lends  to  turn  a  magnetic  needle,  placed  in  the 
earth  s  field,  into  the  plane  of  the  magneltc 
mendian. 

If  a  magnetic  needle  is  in  any  other  position 
than  in  the  magnetic  meridian,  there  will  be  two 
parallel  and  eqtKd  forces  acting  at  A  and  B,  Fig, 
174«  in  the  directions  shown  by  the  arrows. 
Their  eifect  will  be  to  ro- 
tate the  needle  until  it 
comes  to  rest  in  the  mag- 
netic meridian  N  S. 

The  total  force  acting 
on  either  pole  of  a  needle 
free  to  move  in  any  direc« 
tion^  IS  equal  to  the 
strength  of  that  pole  mul- 
tiplied by  the  total  inten- 
sity of  the  earth's  field  at 
that  place  ;  or,  if  free  to  move  in  a  horizontal 
direction  only,  is  equal  to  the  intensity  of  the 
earth's  horizontal  component  of  magnetism  at 
that  place,  multiplied  by  the  strength  of  that  pole. 

The  cflTectivc  power  or  moment  of  a  magnetic 
couple  is  equal  to  the  force  exerted  on  one  of  the 
poles  multiplied  by  the  perpendicular  distance^ 
P  Q,  between  their  directions. 

Couple,  Moment  of The  effective 

power  or  force  of  a  couple. 

The  moment  of  a  couple  is  equal  to  the  intcn. 
sity  of  one  of  the  forces  multiplied  by  the  perpen- 
dicular distance  between  the  direction  of  the 
forces. 

Couple*  Thermo-EhH'tHc -Two  dis- 
similar metals  which,  when  connected  at  their 
ends  only,  so  as  to  form  a  completed  electric 
circuit,  will  produce  a  difference  of  potential^ 
and  hence  an  electric  current,  when  one  of  the 
ends  is  heated  more  than  the  other. 

Thiis  if  a  bar  of  bismuth  be  soldered  to  a  bar 
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of  Aotiiiioay  tlic  combination  will  form  a.  thcrmo- 
dcccric  couple,  and  the  circuit  so  formed  will 
Ittve  a  current  passing  through  it  when  one  junc- 
tioa  is  hotter  or  colder  th:ui  the  other* 

There  is,  sccording  to  Lodge,  a  true  contact 
ftrcc»  at  a  tbcrmo*clcclric  junction,  as  ts  shown  by 
the  reversible  heat  effects  produced  when  an 
electric  current  is  passed  across  such  junction ;  for, 
in  one  direction  more  heat  is  produced,  and  in  the 
opposite  direcdon  less  heat*  This,  as  ia  wet  I 
known,  differs  from  the  irreversible  heat  produced 
by  a  current  through  a  homogeneous  metallic 
conductor*  The  teversibJe  heat  effects,  or  as  they 
are  called  the  Peltirr  efffds^  may  overpower  and 
conceal  the  heating  effects.  But*  in  addition  to 
these  effects,  since  a  difference  of  potential,  calkd 
a  Tk^mipm  effect^  exists  in  a  substance  unefiually 
heated,  cuticnts  are  uo  produced,  and  these  arc 
ilao  fF*^*— r*t**1  in  causing  the  difference  of  poten- 
tial ol «  dienso^ectric  couple* 

••  There  are  then,*'  says  Lodge,  " in  a  simple 
circuit  of  two  metals  with  their  junctions  at  difTcr- 
tempeiatiires,  ^together  four  K  M.  Fs.,  one 
BUlalt  from  hot  to  cold,  or  vue  versa^  and 
each  junction,  and  the  current  which  flows 
such  a  circuit  is  propelled  by  the  resultant 
these  four.**  •  •  «  •*  These  four  forces, 
Thomson  forces  in  the  raetals^  and  two  Peltier 
at  their  junctions,  may  some  of  them  help 
some  hinder  the  current*'*  •  •  •  *'\Vhcn- 
they  help,  the  locality  is  to  that  extent  cooled ; 
whenever  they  hinderi  it  is  to  that  extent 
wanned." 
The  action  of  a  thermo«elcc trie  couple  in  pro- 
m  difference  of  potential  is  therefore  a 
;ted  one,  and  depends  on  Peltier  and 
effects,  as  well  as  on  the  thermo-electric 
fifect,  (See  Effeit^  Piltier.  Effect^  Tk^mion, 
Effettj  Thermo- Eiectric.) 

IConjile,  YoltAlc^ Two  materials, 
ttsuaily  two  dissimilar  metals,  capable  of 
acting  as  an  electric  source  when  dipped  in 
In  electrolyte,  or  capable  of  producing  a 
difference  of  electric  potential  by  mere  con- 
lact 
Liquids  and  g;ases  are  capable  of  acting  as 
voltaic  couples. 

All  voltaic  cells  have  two  metals,  or  a  metal  and 
i  BictaUoid,  or  two  gaseous  or  liquid  subfltinces 
which  arc  of  such  a  character  that,  when  dipped 
Into  th<e    exdting  fluid  one  only  is  chemically 
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Each  one  of  these  two  substances  is  called  an 
eiemmi  of  the  cell,  and  the  two  taken  collectively 
form  a  vottmc  iouple^ 

The  elements  of  a  voltaic  couple  may  consist  of 
two  gases  or  two  liquids*     (See  BaUery^  Cau) 

Coupled  Cells.— (Sec  CeUs,  Coupled) 

Conplor,  Toltalc Any  device  by 

means  of  which  voltaic  cells  may  be  readily 
coupled  or  connected  in  different  fonns  of 
circuits.     (See  Circuits,  Varieties  of,) 

€^>u|>irngr  of  Toltaic  Cells  or  Other 
Electric  S^iiirces,— A  term  indicating  the 
manner  in  which  a  number  of  separate 
electric  sources  may  be  connected  so  as  to 
form  a  single  source*  (See  Circuits t  Varit- 
ties  of) 

Cramp,  Telegraplier's An  affec- 
tion of  the  hand  of  a  telegrapher  due  to  im- 
moderate and  excessive  use  of  the  same 
muscles,  somewhat  similar  to  the  disease 
known  as  writer's  cramp, 

Telegraphcr*s  cramp,  like  writer's  cramp,  may 
he  defined  as  a  professional  neurosis  of  co-ordlna' 
tion.  It  appears  not  only  in  certain  groups  of 
muscles,  but  is  limited  to  such  groups,  only  when 
they  arc  performing  certain  complicated  opera* 
tions.  For  example,  tclegrapher*s  cramp  is 
practically  a  paralysis  of  certain  muscles  of  the 
hand  and  wrist  of  the  operator.  These  muscles, 
when  called  on  to  perform  the  somewhat  delicate 
movements  required  in  sending  a  telegraphic  dis- 
patch, are  incapable  of  performing  their  proper 
functions,  but  when  called  on  to  perform  in  part 
other  similar  actions,  provided  ait  these  actions 
are  not  required  to  be  used,  appear  to  be  un* 
afl'cctcd. 

The  ability  of  the  operator  to  send  with  either 
hand  would  lessen  the  liability  to  this  disease* 

Crater  in  Posltlfe  Citrbon.— ^A  depression 
at  the  end  of  tlie  positive  carbon  of  an  arc 
lamp  which  appears  when  a  voltaic  arc  is 
formed.     (See  Arct  y^^/taic) 

Creep,  Biflbsion —The  flow  of  an 

electric  current  in  portions  of  a  conducting 
substance,  outside  the  parts  that  lie  in  the 
direct  lines  between  the  points  where  the 
tcrmuials  of  the  same  are  applied  to  the  con- 
ducting substance. 
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Cr^pingr,  Electric  ^~  — A  tcnn  some- 
limes  applied  to  the  creeping  of  a  current* 
(See  Current^  Creeping  of^ 

Creeping  in  Voltaic  CelL-^(Sce  Cell,  VoU 
fate.  Creeping  in.) 

Creeping-  of  Current. — {See  Curreni^ 
Creeping  of,  EJectric.) 

Creeping,  Saline -The  formation 

of  salts  by  efflorescence  on  the  walls  of  a  solid 
immersed  in  a  solution  of  a  salt, 

Creosoting,— A  process  employed  for  the 
preservation  of  wood^  as,  for  example,  tele- 
graph poles,  by  injecting  creosote  into  the 
pores  of  the  wood.    (See  Pole^  Telegraphic.) 

Critii.— A  term  proposed  by  A.  W.  Hoff- 
man, as  a  tmit  of  weight,  or  the  weight  of 
one  litre*  or  cubic  decimetre,  of  hydrogen  at 
tr*  C.  and  760  mm,  barometric  pressure. 

Critical   Current  *—  {Sec  Current^  CriU 
teal} 
Critical    Current  of  a   Byuamo, — (See 

Current,  Critieai,  of  a  Dynamo,] 

Critical  Distance  of  Lateral  Discharge 
tliroagh  Alternative  Patli.— (See  Distanee, 
Criiieal,  of  Lateral  Discharge  through 
an  Alternative  Path.) 

Critical  Speed  of  Com  pound -Wound  Hy- 
namo* — ^(Sec  Speedy  Critical^  of  Campound^ 
Wound  Dynamo,) 

Crookes*  Dark  Space,— (See  Space,  Dark, 
Crvohes\) 

Crooked"  Electric  BadEometen^See  J^a- 
diameter^  Electric,  Crool*cs\) 

Crossi  Arm. — {See  Arm,  Cross,) 

Cro8s-C4>M  nee  ting  Boani.— (Sec  Board, 
CrosS'ConHfcfing,) 

Croas  Klectric A  connection,  gen- 
erally metallic,  accidentally  established  be- 
tween two  conducting  lines. 

A  defect  in  a  telegraph,  telephone  or  other 
circuit  caused  by  two  wires  coming  into 
contact  by  crossing  each  other, 

A  ntfinpttg  or  intermittent  cr&ss  is  caused  by 
virts,  which  are  too  slack,  being  occmsiofiAly 
blown  into  contact  by  the  wind. 


A  weather  cress  arises  from  defiective  actkm  oi 

the  insulators  in  wet  weather. 

Cross,  Swinging  or  Intermittent — -  — 


An  accidental  contact,  generally  mclallic, 
caused  by  wires  being  brought  into  occasional 
contact  with  one  another,  or  with  some  other 
conductor,  by  the  intermittent  action  of  the 
wind. 


Cross,  Weather  - 


-A  contact  or  leak 


occurring  in  a  telegraphic  or  other  line  dur- 
ing wet  weather,  from  the  defective  action  of 
the  insulators. 

Crossing  Cleat,— (Sec  Cleat,  Crossing,) 

Cro8idng«  Live-Trollej A  device 

whereby  a  trolley  moving  over  a  line  that 
crosses  a  second  line  at  an  angle  is  enabled 
to  maintain  its  electrical  connection  with  the 
line  while  crossing. 

A  Uvc-troUey  crossing  is  necesttated  where  one 
line  of  electric  railway  crosses  another.  The 
upper  line  must,  of  course,  provide  a  space  or 
opening  for  crossing  the  lower  line  at  the  pcnnts 
of  intersection.  This  is  effected  in  the  BagnaU 
live- trolley  crossing,  shown  in  Fig.  175^  hj  mtt^ch- 


ing  to  ihe  upper  trolley  wire  a  bridge  piece  oi 
light  lathe  casting,  provided  at  its  centre  with  a 
gap  through  which  the  trolley  wire  passes.  Thif 
bridge  piece  is  insulated  from  the  trolley  wire  by 
means  ol  a  disc  of  insulating  material  at  the  cen- 
tre of  the  liridge,  which  is  provided  with  a  hinged 
curved  lever,  that  in  lis  normal  position  rests  un- 
der the  influence  of  gravity  in  the  position  shown 
in  the  figure.  The  pas^ge  of  the  trolley  wheel 
along  the  wire  carries  the  line  under  it  and  thi» 
bridges  the  gap,  as  shown  by  the  position  of  the 
dotted  lines* 

Crossing  Wires. — (See  IVires,  Crossing, f 

CrDsapOrer    Block,— (See   Bhck,    Cross* 

Over,) 

Cross-Over,  TroUef  *-^*  — A  device  b| 

means  of  which  a  troQey  is  enabled  to  pass 
over  the  points  where  different  line  cm 
another  without  serious  interruption. 


Crow-foot  Zinc— (Sec  Z/fff.  CriTzt/y^/^?/.)   . 

Crnelble,  Electric  - —  --A  crucible  m 
which  I  he  heat  of  the  voltaic  arc.  or  of  dec 
trie  incandescence,  is  employi^d  either  to  per* 
form  difficuU  fu&ions,  or  for  the  puqjose  of 
ing  the  reduction  of  metals  from  their 
ot  the  formation  of  alloys.  (See  F ur- 
inate, Eleiirie,) 

CiTBtaL  — A  solid  body  bounded  by  sym- 
mctncally  disix)sed  plane  surfaces. 

A  definite  form  or  shape  fe  as  characteristic  of 
m  inorganic  crystaUine  substance  as  it  is  of  an 
laiiBAl  or  plant.  Each  substance  has  a  form  in 
wbidb  it  genefally  occurs.  There  aie,  however, 
certain  modificatioDS  of  the  typical  lorms  which 
cause  pi^ne  surfaces  to  appear  curved,  and  the 
lynimetncal  airajigemenl  of  the  face^  to  disap 
f>cai.  These  tnodiftcations  often  render  it  ex 
treiDcif  di^cult  to   recognize  the    true  typical 


For  the  different  lutidamental  crystalline  forms. 
or  systems  of  crystals,  see  any  standard  woik  on 
cbenustrf. 

Ci7«lal<    Uemiliedral    —A   crystal 

whose  shape  ot  form  has  been  modified  by 
the  replacement  of  half  its  edges  or  solid 
angles. 

A  bcnuhedial  crystal  possesses  di0erent  forms 
II  the  ends  or  extremities  of  its  axes.  Hemi- 
telral  crystals,  when  unequally  heated,  develop 
dcctrical  charges. 

EUctriaty  produced  in  this  way  was  formerly 
taXitAfyro-eirciricity,     {See  Eleitricity^  f^'^^A 

CrfiUi    Holohedral A    crystal 

whose  shape  or  form  has  been  modified  by 
the  replacement  of  all  its  edges  or  solid 
angles, 

CiTitftlline  Electro-Metallnr^leol  Uc- 
p«slt— (Sec  DfpaiiL  Cry$tai!ine,  Ehctro- 
SfHallurgii  a/.) 

Cl7lil«lli2atioii. — Solidification  from  a  state 
ei  solution  or  fusion  in  a  definite  crystalline 


The  crystalUzation  of  a  dissolved  solid  is  fa- 
vored by  any  cause  that  gives  increased  freedom 
of  movement  to  its  molecules,  such  for  example  as 
sfiiuiwm^ /usi&n^  su6limaitpn^  or  precipitation. 

Crystallization  by  Electroljtical  Deeom- 
poititiou. — The  cry'stalline  deposition  of  van- 
ous  metaJs  by  the  passage  of  an  electnc  cur^ 
rent  through  solutions  of  their  saits  under 
certain  conditions. 

A  strip  of  zinc  immersed  in  a  solution  of  sugar 
of  lead  (acetate  of  lead)  soon  becomes  covered 
with  bright  metallic  plates  of  lead,  that  are  elec- 
trolytically  deposited  by  the  weak  currents  due  to 
ramute  voltaic  couples  formed  with  the  zinc  by 
particles  of  iron,  carbon,  or  other  impurities  in 
^e  tmc^  The  deposit  assumes  at  times  a  tree* 
like  growth,  and  is  therefore  called  a  lead  ine, 
(See  Couph^  Voltaic.) 

€ns*«niwitioii.  Electro CrystaUi- 

zation  effected  during  electrolytic  deposition. 

CrjfllAllfae. — To  separate  from  a  hquid 
or  vapor,  in  the  form  of  a  crystalline  sohd. 

Crystalloid*— Those  portions  of  a  mixed 
substance  subjected  to  dialysis,  that  are  capa- 
ble of  crystallization.     (See  Dialysis^ 

Cube,    Faruday^ii    —An   insulated 

room  cubic  in  shape,  covered  on  the  inside 
with  tin  foil,  which,  when  charged  on  the 
outside  gives  no  indications  to  an  observer  on 
the  mside.  though  furnished  with  delicate  in- 
struments. 

Faraday's  cube  illustrates  the  fact  that  an  elec- 
trostatic  charge  resides  on  the  outside  of  an  insu- 
lated conductor.     (See  AV/,  Faratiay^s.) 

Cup,  Bferciiry A   cup   or   cavity 

tilled  with  mercury  and  connected  with  the 
pole  of  an  electric  apparatus  for  the  ready 
placing  of  the  same  in  circuit  with  other  elec- 
tnc apparatus. 

To  connect  apparatus  it  is  only  necessary  to 
insert  the  free  terminal  of  one  apparatus  in  the 
mercury  cup  of  the  other. 

Cnp,  Pijrous A  porous  cell.    (Sec 

Celi^  Porous.) 

r.urli,  I>ouble A  device  for  in- 
creasing the  speed  of  signaling,  by  means  of 
which  the  Unc  is  rid  of  its  charge  before  the 
next  signal  is  sent,  by  sending  an  opposite 
charge,  then  another  in  the  same  dir&ctioci# 
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then  finally  another  in   ihc  same   direction 
before  connecting  with  the  ground. 

The  effect  of  the  third  charge  is  to  reduce  the 
potential  of  the  line  more  nearly  to  zero  at  thtf 
end  of  the  signal. 

Curb,   Slngrle   — —  ^A   device    for   in- 
[creasing  the  speed  of  signaling  telegraphic- 
ally  by  ridding  the  line  of  its  previous  charge 
by  sending  a  reversed  current  through  it  he- 
fore  connecting  with  the  ground. 

In  siDgle-curb  signaling  the  operator  in  dis- 
charging the  line  before  sending  another  signal 
through  it,  before  putting  the  Unc  to  earth,  re- 
verses the  battery »  and  then  connects  to  earth* 

Cairent,  Absolute  Folt  of  ^ — A  cur- 
rent of  lo  amperes,  (See  Ampire,  Units, 
Practical.) 

A  current  of  such  a  strength  that  when 
passed  ihiough  a  circuit  of  a  centimetre  in 
length  bent  m  the  form  of  an  arc  of  a  circle 
one  centimetre  in  radius,  will  act  with  the 
force  of  a  dyne  on  a  magnetic  pole  of  unit 
strength,  placed  at  the  centre  of  the  arc. 

The  amp^e,  the  practical  unit  of  current,  is 
but  1^  the  value  of  the  absolute  unit  of  current, 

Cnrreiit,  Action  of,  on  a  Magnetic  Pole 
^An  attraction  or  repulsion  depend- 
ent on  the  name  of  the  pole  and  the  direction 
of  the  current. 

Two  currents  of  electricity  attract  or  repel  each 
other  according  to  the  direction  in  which  they 
arc  flowing,  and  the  mutual  positions  of  their 
circuits.  A  current  and  a  magnetic  pole  exert  an 
action  on  each  other  which,  strictly  speaking,  is 
neither  attraction  nor  repulsion^  but  which  is  ro- 
tation, that  may*  however,  be  regarded  as  being 
produced  by  the  combined  action  of  attraction 
and  repulsion. 

Carrent,    Alt^matinj^ ^A    current 

which  flows  alternately  in  opposite  directions. 

A  current  whose  direction  is  rapidly  re- 
versed. 

The  non -commuted  current*  generated  by  the 
differences  of  potential  in  the  armature  of  a 
dynaroo-electric  machine  are  alternating  or 
simple-peri  odic*currents. 

In  a  characteristic  curve  of  the  electromotive 
forces  of  alternating  currents,  positive  electro, 
motive  forces,  or  those  that  would  produce  cur* 


rents  in  a  certain   direction,   are  indicated  by 
values  abtn'e  a  boritontal  line,  and  negative  dec 
tromotive  lorcea»  by  values  b^iffw  the  Ime, 
The  curves  A  B  C,  and  C  D  £»  Fig*  177.  are 

B 


often  called  phaus^  and  represent  the  alternate 
phases  of  the  current. 

Current,   Altornativc   —A   voltaic 

alternative.     (See  Ailcrnatives,  VaUaic,) 
Current,    Assumed    BIrcction   of  Flow 

of  ' * — The  direction  the  current  is  as- 
sumed to  take,  /,  ^.,  from  the  positive  pole  of 
the  source  through  the  circuit  to  the  negative 
pole  of  the  source, 

Tbe  electricity  is  assumed  to  come  out  of  the 
source  at  its  positive  pole,  and  to  return  or  flow 
back  into  the  source  at  its  negative  pole.  This 
convention  as  to  the  direction  of  the  electric  cur- 
rent is  in  accordance  with  the  assumption  of  the 
direction  of  flow  of  Hues  of  magnetic  forces. 

The  oldidea*of  a  dual  or  doable  current  flowing 
in  opposite  directions  is  still  maintained  by  some. 
(Sec  F£>r(f,  UH<i  </,  Direct hn  of.) 

Carrent,   Axial  —In  elcctro-ihera- 

peiitics  a  current  flowing  in  a  nerve  in  the 
opposite  direction  to  the  normal  impulse  in 
the  nerve. 

Current  Break-Indneod  — ^The  cur- 
rent induced  by  a  current  in  its  own,  or  in 
another  circuit,  on  breaking  or  opening  the 
same. 

The  current  induced  in  the  secondary  on 
the  breaking  of  the  primary  circuit. 

The  break-induced  current  set  tip  by  a  current 
in  its  own  circuit  is  sometimes  called  the  direct* 
induced  current. 

Lord  Rayleigh  has  shown  that  within  certain 
limits  the  break-induced  current  has  a  greater 
effect  in  roagnctizing  steel  needles,  the  smaller 
the  number  of  turns  of  wire  in  the  secondary,     la 
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the  case  o£  a  galvanometer,  it  is  well  known  that 
tht  opposite  IS  tnie.  The  deflectioQ  of  the  gal- 
tanotnetcr  needle  depends  on  the  strength  of  the 
whole  current-  The  magnetiiing  power  depends, 
for  the  greater  part,  on  the  strength  of  the  cur- 
rent at  the  beginning  of  its  formation 

Corrent,  Clased-Circiilar  - — ►  —A  cur- 
rent flowing  in  a  circular  circuit* 

A  small  dosed- circular  current  may  be  replaced 
tnagnetJcally  by  a  thin  disc  of  5teel,  magnetised  in 
a  directiao  |>erpendiciilar  to  its  iace,  and  the  edge 
of  which  corresponds  to  the  edge  of  the  circular 
ocmductor. 

1  Curreiit-CuiiimateF.  —  (See  Commuter  ^ 
Current,) 

ICurreoi  Conductfon —The  current 
I  passes  through  a  mclalhc  or  other  con- 
ucUiig  substance,  as  conlradistinguished 
from  a  current  produced  in  a  non-conductor 
at  dielectric.     (See  Cumnt,  Dhpiacemeni.) 

Carrent,  Constant A  current  that 

continues  to   flow  in  the  same  diiection  for 
some  lime  without  varying  m  strength. 
This  term  is  sometimes  used  to  mean  a  con 
uotis  or  direct  current  in  contradistinction  to 
aJtemating  current,  but  it  ought  to  be  applied 
ify  to  unvarying  currents,  such,  for  example   as 
constant  current  of  lo  amperes. 

Cnrrent  Contlniidiia —An  electric 

ncnt   which  flows  in  one  and   the  same 

tion 
Although  the  term  continuous  current  is  used 
syooaymous  with  constant  current,  it  is  not 
cotirtlj  so;  a  continuous  curtcnt  flows  constantly 
in  the  same  direction  A  cotistant  current  not 
oolj  0OWS  continuously  in  the  same  direction,  but 
siaintains  an  approximately  constant  current 
itpeagth 

This  term  continuous  crurrcnt  is  used  in  the 
Opposite  scn«>e  to  alternating  current,  and  in  the 
tame  senae  as  a  direct  current. 

Cttrrent^  Creeplnp  of  Electric 

A  change  m  the  direction  of  path  of  a  current 
frocn  l)ic  direct  hne  between  the  points  of 
caooACtion  with  the  source, 

tb«  terminals  of  any  electric  source  are 

in  contact  with  any  two  points  of  a  metallic 

t  of  conducting  material,  the  flow  of  the  cur- 

not  confined  to  the  direct  line  between  the 


pointa  of  contact,  but  c/e^ps  or  diffuses  into  por- 
tions' of  the  condocting  plate  surrounding  this 
direct  line,     (See  Current ^  Diffusion  o/,) 

In  a  somewhat  similar  manner,  the  current 
is  said  to  creep,  or  to  establish  a  partial  short- 
circuit  aroimd  the  poles  of  a  poorly  insulated 
voltaic  battery,  or  other  electric  source. 

Ctirrent,    Critical 

^The  current  at  which  a 
certain  result  is  reached, 

Carre  lit,  Cri  treat,  of  a 

Dynamo ^That  value  /A        'i 

of  the  current  at  which  the 
char  act  enstic  curve  begins 
10  depart  from    a    nearly 


straight  line.  —  {SHvanus  Fig  rjB      CrUkal 

P    Ihompion.)  <^«**^  «^  DynAmu 

CurrCMt 

In   Fig,    175    the    critical 
current  is  shown  in  three  different  cases,  as  oc- 
curring where  the  dotted  vertical  line  cuts  the 
chaiactcristic  curves. 

The  sfjccd  at  which  a  senea  dynamo  excites 
itself  IS  often  called  the  irttuat  s/cfJ* 

Current,    I>ein  area  tion  —A    term 

sometimes  applied  to  an  electric  current  ob- 
tained from  an  injured  muscle, 

*'  Every  injury  of  a  rouscle  or  nerve  causes  at 
the  point  of  injury  a  dying  *»urface,  which  behaves 
negatively  to  the  positive  intact  substance.*'-^ 
{iMftiiois  1^  Stirling.) 

Current  Bensity.— The  current  of  dec 

tncity  which  passes  in  any  part  of  a  circuit  as 
compared  with  the  area  of  cross-section  of 
that  part  of  the  circuit. 

In  a  dynamo  electric  machine  the  current  den- 
fity  in  the  armature  wire  should  not,  according  to 
Silvan  us  P*  Thompson,  exceed  2,500  amperes 
per  square  inch  of  area  of  transverse  section  of 
conductor. 

The  current  density  in  a  dynamo  wire^  of 
necessity  depends  on  the  sectional  area  of  the 
coils.  If,  for  example,  a  current  of  50  amperes 
be  safe  in  an  armature  section  of  eight  turns  it 
may  be  safely  increased  to  100  amp^rea  if  the 
conductors  are  cross- sectioned  so  as  to  make  but 
four  turns.  ^^V^w^rtr/.) 

In  electro-plating,  for  every  definite  current 
strength  that  passes  through  the  bath»  or  in  other 
words,  for  a  definite  number  of  coulombs,  a 
dehiute  weight  of  metal  is  deposited,  the  charao' 
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tor  of  wliiclj  depends  on  the  current  density.    The  slant  m  direction,  as  distinguisKed  from  an 

character  of  an  electrolytic  deposit  will  therefore  alternatinij  current, 

depend  on  the  current  dmsity  at  that  part  of  the  j^  continuous  current. 

circuit  where  the  deposit  occurs.  ^,            ^   t^,       .  ,    ,        ,                 ^t 

The  ioUowing  table  from  Urquhart  gives  the  ^^^^^^  BlrecVIndaced The  cur- 

practical  woriciag  value  for  the  current  density  ''cnt  induced  in  a  circuit  by  induclion  on  a- 

tor  clectro-mctaUurgical  deposits  :  self,  or  belf-inducUon,  on  breaking  or  opening 

the  circuit.     (See  Currents^  JExfra,) 

CUHAENT    Density     (or     AMPfeRES    on  ■     Thisiscallcd  the  direct-induced currmt  because 

Cathode).  ^^  direction  is  in  the  same  direction  as  the  indoc- 
Ampteic* 

SolutioQ  of                                       per  iquarc  foot*  in g  current. 

Copper,  .cid bath j.o  to  lo.o  Corrent,  Dlroctioa  of The  direc- 

Copper  cyanide  bath 3  °  "     S"  tion  an  electric  current  is   assumed  to  take 

biiver,  double  cyanide a.o  *•     5.0  ^  ,                      if                        »u          l  *t. 

,.,,*,    .,    /          .,                                 •*  out  from  one  pole  of  any  source  through  Ihc. 

Cold,  chloride  in  cyanide. ... . 1.0  *'     2.0  ,      .         *.              ...     *        ^     •          i 

Nickel,  douWesulphate 6.0  -     S.o  ^'^^"^^  ^''^  '^^  translalmg  dcN^ces  back  to  the 

Brass,  cyanide 2.0-     3.0  ^^^^"^^  through  its  other  pole. 

Tto» ...  Cotiveu  tion  ally,  the  current  is  assumed  to  came 

^            ^       ^ ,        » , ,     ,  out  from  the  positive  pole  of  the  source  and  to  #0 

Corrent,      Diacritical -Such     a  ,„eV  to  the  «,nrcr  at  tl.e  nepitive  pok. 

Strength  of  the  magnetiring  current  as  pro-  ^^              Displacet«ent  —  -The  rate 

duces  a  magnetization  of  an  iron  core  equal  ,    .              *    ,        .      ».     , 

,    ,,              ,  of  change  of  electric  displacement. 

to  hall- saturation.  *  t.  .  ,          ,      -                          _i       j  - 

A  bnef  conduction  current  produced  m  a 

The  diacritical  turre-t  .s  the  current  which,  ^^^^^^  by  an  electric  displacement.    (See 

flowine  through  the  diacritical  number  oi  ampere-  r^  .  . .               ^    1-/    ^    »  % 

^  .„  .  .            ,.             ^.           J      J  ,  Dtspiacemtnit  Electric  a 

turns,  will  bring  up  the  magnetism  produced  to  ^                                      ^ 

hall  saturation.  This  is  called  a  displacement  curretit  in  ot^cr 

The  diacritical  number  of  arop^re  turns  is  such  '^  distinguish  it  fexim  a  oonductioi)  dUTOit  in  aoy 

a  number  of  ampere-turn^  as  would  reduce  the  conductor. 

magnetic  porocabiUiy  to  halt  its  luU  value.  ^^^  displacement  current  continues  while  the 

displacement   of    electricity  is    going  on.     Dis- 

Cnrrent,  BifTasfim  of A  term  em-  placement  currents  have  all  Llie  properties  of  com- 

ployed   to   designate    the   difference   in    the  duction  currents,   aiKl,  like  the  latter,  produce  a 

density  of  current  in  different  portions  of  a  magnetic  field;  in  fact,  they  resemble  extxemety 

conductor,     (See  Curreni,  Cr€tping  of,  EUc-  brief  conduction  currents. 

irk.)  Tlie  difference  between  cornlucting  sabstuices 

^            i    T^*jtt.    «         *  ^r^     A      mm  and  dielectrics,  lies  in  the  fact  that  the  conductsog 

,                                I       ,                i-  substances  do  not  possess  an  elastic  force,  en- 

tie  ^_ -The  difference  m  the  density  of  ^^^^^  ^^^^^^  ,^,t  ^^^^^-^  displacement.     In 

current  in  different   portions  of  Uie  human  ^^^er  words,  conducting   substances  possess  no 

body   between   the   electro-lhciapeutic    elec-  ^/^r/nV  ^/a^nVi/js  and  can  have  no  true  displace, 

trodes,  ment  current  established  in  them.     (See  Eloiti- 

When  the  electrodes   are  placed  at  any  two  *^%i  Eletiric.) 

given  points  of  the   human  body,  the  ciurent  A  displacement  current,  like  a  conduction  car- 

branches  through  various  paths,  extending  in  a  r«^lt  possesses  a  magnetic  field,  or  is  encircled  by  | 

g^cral  direction  from  one  electrode  to  the  other,  lines  of  nuignetic  force.    (See  EiM,  MagtteiU^  ef 

according  to  the  law  of  branched  or  derived  cir-  ^*  Electric  CurrmiJ) 

cuits,  and  flowing  in  greater  amount,  or  with  rtllTeiit^  Electric  ^The  quantity  of 

greater  density  of  current,  through  the  relatively  electricity  which  passes  per  second  throtigti 

better  conducting  paths.   (See  Currcni  Density. )  ^^  conductor  or  circuit. 

This  k  sometimes  called  the  creeping  of  the  ^he  rate  at  which  a  definite  quantity  of  elee. 

corrent.     (See  Currmt,  Cr^cfin^  ^/.)  ^^^j^  ^^^^^  ^^  ^^^  ^^^^  ^  conductor  Of 

Cvrrenti  ]>ireot  — -  —A  cTirrent  con-  circuit. 
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The  ratio  existmg  between  the  electro- 
motive force,  causing  the  current,  and  the 
resistance  which  may,  for  convenience,  be 
r^arded  as  opposing  it,  expressed  in  terms 
of  quantity  of  electricity  per  second. 

The  ifw>  p/imrr^ni,  or  ihtampHre^  h  equal  to 
4tm  i  k^uioNilf  /rr  S(i  i*H  ii,    { Sec  A  mprrt^    Cwml&m  b, ) 

The  word  current  must  not  be  couiaunded 
wit]i  the  mere  act  of  ilowing;  electric  current 
li^atfies  rate  of  flow,  and  always  supposes  aa 
dectrofnotiTe  force  to  produce  the  current,  and  a 
rCRftance  to  oppose  it. 

The  dec  trie  current  is  assumed  to  flow  out 
fKe  poisitrve  termtnat  of  a  iffmrtt^  through 
orcnit  and  back  into  the  source  at  tlie  nrg^i' 
*  irrmimAl,  It  is  assumed  to  flow  into  the 
terminal  oC  an  fleitrorrc^ptive  device 
M  m  lamp,  motor,  or  stora^  battery,  and 
Otitofits  negative  termiaal;  or,  in  other  words, 
positive  pole  of  the  source  is  always  con- 
tweeted  to  the  positive  terminal  of  the  dectro-re. 
ceptive  device. 

Froiessor  Lodge  draws  the  following  com* 
psTbaii  between  the  motions  of  ordinary  mat- 
ter, lical  and  electricity:  ••Consider  the  modes 
in  which  water  may  be  made  to  move  from  place 
Id  place;  there  are  oniy  two.  It  may  be  puatped 
ppcs^  or  it  may  be  carried  alxjut  in  jugs. 
in  other  words^  it  may  travel  tlirough  matter,  or, 
lit  wa^  Izsrcl  wtth  ma  tter .  Just  so  it  i  s  with  heat. 
Heat  can  travel  in  two  ways:  it  can  flow 
h  matter,  by  what  is  caUod  *  conduction,  ^ 
or,  ft  can  travel  with  matter,  by  what  is  called 
*  ooivection,  *  There  is  no  other  mode  of  con- 
^^at)ce  of  heat/*  »  ♦  •  **For  electricity 
€bs  tame  £s  true.  Electricity  can  travel  with 
matter,  or  it  can  travel  through  matter*  by  con- 
veciiuii,  or  by  conduction,  and  by  no  other  way.** 

Itt  the  afao^ref  the  radiatiaaof  heat  ts  apparently 
lOitM^htot 

In  the  opinion  of  some^  an  electric  current  con- 
sists of  two  distinct  currents,  one  of  positive  and 
the  other  of  negative  electric  ity»  flowmg  in  oppo- 
site direclions*  Bach  of  these  curren  tS  is  supposed 
lo  be  C([u.il  in  amount  to  the  otlier. 

The  ckctric  current  is  now  regarded  as  passing 
through  ihc  dielectric  surrounding  the  conductor, 
rather  than  throttgh  the  conductor  itself.  (Sec 
Cmrrtmtt  Eieetrie,  M€tiM  ^f  PrpfiaguHan  of, 
Jlrum^  0  CirtuiJ.) 

Tlic  cuTfeni  Xh^U  flows  or  passes  in  any  arcyat 
i^  la  t^  casn  ol  a  constant  current*  eqiiaJ  to  the 


electromotive   force,    or  diflerence   of  potential, 
divideii  by  the  resistance,  as — 
E 
"H 
(See  Law  of  OAm.) 

Gnrmnt,  Elc*ctrk,  Meth4Ht  of  FropAipalio* 
of,    Through    n    Circuil — Wboi  an 

electric  current  is  propagatod  through  a  wire 
or  other  conductor,  it  is  not  sent  or  pushed 
through  the  conductor,  like  a  fluid  thfxJugK 
a  pipe  or  other  conductor,  but  is,  so  to  speak, 
raineti  down  on  the  surface  of  the  conductor 
from  the  medium  or  dielectric  surrounding  it- 

Poynting,  who  hag  carefully  studied  this  mat* 
ter,  remarks  as  follows,  viz,:  **  A  space  contain- 
ing electrical  currents  may  be  regarded  as  the 
field  where  energy  is  transformed  at  certain  points 
into  the  electric  or  magnetic  kind,  by  means  of 
batteries,  dynamos,  thermopiles,  etc.,  and  4b 
other  parts  of  the  field  this  energy  is  being  again 
transformed  into  heat,  work  done  by  tlic  electro- 
magnetic forces,  or  any  other  farm  yielded  by 
currents. 

**  Formerly  the  current  was  regarded  as  some* 
thing  traveling  in  the  conductor,  and  the  energy 
which  appeared  at  any  part  of  the  circuit  was 
supposed  to  be  conveyed  thither  through  the 
conductor  by  the  current.  But  the  existence  of  in- 
duced currents  and  electro -magnetic  actions  have 
led  us  to  look  on  the  medium  surrounding  the 
conductor  as  playing  a  very  important  part  in  the 
development  of  the  phenomena.  If  we  believe  m 
the  continuity  of  the  motion  of  energy,  we  arc 
forced  to  conclude  that  the  surrounding  medium 
is  capable  of  containing  energy,  and  that  it  is 
capable  of  l>cing  transferred  from  point  to  point. 
\ye  are  thus  led  to  consider  the  problem,  how- 
does  the  energy  about  an  electric  current  pass 
from  point  to  point;  by  what  paths  does  it  travel, 
and  according  to  what  laws?  Let  us  take  a  spe- 
cific case.  Suppose  a  dynamo  at  one  spot  gen- 
erates an  electric  current,  which  is  made  to  operate 
an  electric  motor  at  a  distant  place.  We  have 
here,  in  the  first  place,  an  absorption  of  eneiigy 
from  the  prime  motor  ialo  the  dynamo.  We  find 
the  whole  space  between  and  around  the  conduct- 
ing wires  magnetised  and  the  scat  of  electro, 
magnetic  energy.  We  have  further  a  retrans- 
formation  of  energy  in  the  motor.  The  qnestiOD 
which  presents  itself  for  solution  is  to  decide  how 
the  energy  taken  up  by  the  dynamo  U  trans- 
mitted to  the  motor,    by  what  path  it  travels 
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ajid  according  to  what  taws?  Briefly  stated^  the 
tendency  of  recent  views  is  that  this  energy  is 
conveyed  through  the  electro -magnetic  medium 
or  ether,  and  that  the  function  of  the  wire  is  to 
localize  the  direction  or  to  concentrate  the  flow  in 
PL  a  particular  path,  and  thus  provide  a  sink  or  place 
in  whkh  the  energy  can  be  dissipated*     *    *   •** 

Taking  again^  for  instance,  the  case  of  the  dis- 
charge of  a  condenser  by  a  conductor*  He  says: 
"Before  the  discharge  we  know  that  the  energy 
resides  in  the  dielectric,  between  the  conducting 
pUtes.  If  these  plates  are  connected  by  a  wire, 
according  to  these  views,  the  energy  la  transferred 
outwards  along  the  electrostatic,  cquipotential  sur- 
faces, and  motes  on  to  the  wire  and  is  there  con- 
verted into  heat.  According  to  this  view  we 
rai;st  suppose  the  lines  of  electrostatic  induction, 
running  from  plate  to  plate,  to  move  outwards,  as 
the  dielectric  strain  lessens,  and  while  still  keep- 
ing their  ends  on  tlie  plates,  to  finally  converge 
in  on  the  wire  and  be  there  broken  up  and  their 
energy  dissipated  as  heat/* 

la  other  words,  some  of  the  energy  of  the  ex- 
panding lines  of  induction  is  changed  into  mag- 
netic energy;  this  energy  is  contained  in  ring- 
shaped  tubes  of  force^  which  expand  outwards 
from  between  the  plates  and  then  contract  on 
some  other  part  of  tlie  conductor. 

The  time  of  the  dischiugc,  then,  consists  of  the 
following  steps,  viz. : 

(I.)  The  time  during  which  the  energy  of  the 
charge  is  nearly  all  electrostatic  and  is  repre- 
sented by  the  energy  contained  in  the  lines  or 
tubes  of  electrostatic  indue tioo^  running  from 
plate  to  plate  of  the  condenser. 

(2.)  The  time  during  which  the  discharge  is  at 
its  maximum  and  the  energy  consists  of  two  parts, 
viz.:  energy  associated  with  the  outward  ex- 
panding lines  of  electrostatic  induction,  and  energy 
associated  with  the  closed  lines  or  tubes  of  mag- 
netic force,  which  at  first  are  expanding  and  after- 
wards contracting. 

(30  The  time  when  the  energy  has  been  ab- 
sorbed, or  the  period  in  which  the  energy  in  the 
wire  or  the  conductor  has  either  been  dissipated 
in  the  form  of  tion4uminous  radiation  or  obscure 
heat. 

(4.)  The  time  during  which  this  non-lmniiious 
heat  gives  up  its  energy  again  to  the  surrounding 
medium  in  the  shape  of  heat  waves. 

Current,  Electro-Therapeutle  Polarizing^ 

The    current    which    produces    the 


phenomena  of  electrotonus.  (See  EUciro* 
(onus,) 

Cnrrentj    Element     of ^-A  term 

employed  in  mathematical  discussions  to  in- 
dicate a  very  small  part  of  a  current  for  case 
in  considering^  its  action  on  a  magnetic  fti^lf 
or  other  similar  body* 

Carrout,      Farodlc  — In     clcctrti- 

therapeutics,  the  current  produced  by  an  in* 
duction  coil,  or  by  a  magneto-electric  machine, 

A  rapidly  alternating  current,  as  distin- 
guished from  a  uniform  voltaic  current. 

A  voltaic  current  that  is  rapidly  alternated  by 
means  of  any  suitable  key  or  switch  is  sotnetitnes 
called  a  voltaic  alternative.  The  discharge  from 
a  Holtz  machine  is  sometimes  called  a  Frtmklimf 
Current.  (See  Aiiemativts^  yW/im*  Currmi^ 
J*'rani'/init.} 

Current  -  FUam^nt^.  —  (See  FUameni. 
Current.) 

Current,  Franklin  fe A  term  some- 
times used  in  electro-therapeutics  for  a  cur- 
rent produced  by  the  action  of  a  frictionai 
electnc  machine. 

The  term,  Franklinic  current,  is  used  in  con- 
tradistinction to  Faradic  current,  or  that  produced 
by  induction  coils,  or,  in  contradistinction  to  a 
galvanic  or  voltaic  current,  or  that  produced  by 
a  voltaic  battery. 

Cnrrvnf,  Ootieratlon  of,  by  Dynani<hEIe«- 
trie  Machine  — —  —The  difference  of 
potential  developed  in  the  armature  coits 
by  the  cutting  of  the  lines  of  magnetic 
force  of  the  field  by  the  coils,  during  the  rota- 
tion of  the  armature. 

If  a  loop  of  wire  whose  ends  are  conoected  to 
the  two-part  commutator,  shown  in  Ftg,  179,  be 
k 


rotated  in  the  magnetic  field  between  tiie  magnet 
poles  N  and  S,  in  thedirection  of  the  large  arrow, 
difierences  of  potential  will  be  generated  which 
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win  cause  currents  to  How  in  the  direction  indi. 
cited  by  the  small  arrows  during  its  motion  past 
the  north  pole  from  the  top  to  the  bottom,  but  in  the 
opposite  direction  during  its  motion  past  the  south 
pde — from  the  bottom  to  the  top.  If,  now,  coU 
tecting  brushes  rest  on  the  commutator  in  the 
pofitioas  shown  in  the  Fig.  x8o.  the  vertical  line 
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/-I/.   /So,     Aciufm  ^  Cammutatt^r. 

olthe  gap  between  the  poles  corresponding  with 
the  vertical  gap  between  the  commutator  seg- 
ments, the  currents  generated  in  the  loop  will  be 
aused  to  flow  in  one  and  the  same  direction,  and 
B",  will  become  the  positive  brush,  since  the  end 
of  the  loop  is  connected  with  it  only  so  long  as  it 
11  positive.  As  soon  as  it  becomes  negative^  from 
the  current  in  the  loop  flowing  in  the  opposite 
direction,  the  other  end,  which  is  then  positive, 
is  connected  with  the  positive  brush. 

A  similar  scries  of  changes  occur  at  the  nega. 
trve  hrttsh  B, 

Theoretically,  the  neutral  points,  where  the 
brushes  resti  would  be  in  the  vertical  line  coincid- 
\ag  with  that  of  the  gap  between  the  poles.  An 
inspection  of  the  figure  shows  that  the  tuuiral 
imit  or  the  iiiam^itr  0/  commitiatiant  is  dis- 
pUced  in  the  direction  of  rotation.  (See  Cammtt- 
ffl^w,  DiametfT  of.)  The  displacement  of  the 
bnishes^  so  necessitated,  is  called  the  had. 

The  cmixse  of  the  lead  ia  the  reaction  that  occurs 

btlneeu  the  magnetic  poles  of  the  field  magnets 
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f$g    iSt     CdmM  if  Lead  tf  Brmtktt, 

iftdlhoteof  the  armature,  the  result  of  which  is 
todoplice  the  field  magnet  poles,  and  to  cause  a 
dttnge  in  the  density  in  the  field.  Thb  13  shown 
ia  T\g,  iSi .  where  the  density  of  the  Unes  of  force 
ttdkfttes  the  potitiofi  of  the  diameter  of  commu- 


tation as  being  near,  or  at  right  angles  to  the  di^ 
ameter  of  greatest  average  magnetic  density. 
(See  Liad^  AngU  o/\      Lag,  AngU  <rf*) 

Curreint-GoTernor^ — (See  Governor,  Cur* 
rmt.) 
Cinrent^   Eomo^eneoiifl  Dlstribatlon  of 

— -  —Such  a  distribution  of  a  current  through 
any  conductor  in  which  there  is  an  equal 
density  of  current  at  all  portions  of  any 
cross-section  of  the  conductor. 

When  the  flow  of  a  constant  current  is  estab- 
lished in  a  solid  conducting  wire,  there  is  a 
homogeneous  distribution  of  current  in  that  con- 
ductor. 

Curnsnt,    Induced  —The    cixrrent 

produced  in  a  conductor  by  cutting;  lines  of 
force. 

The  induced  current  results  from  difTerences  of 
potential  produce^i  by  electro-dynamic  induction. 
(See  Indticti^ttj  Jlleci re- Dynamic) 

Carreu t  - 1  n d  oct  i o n .  —  (See     Induction^ 
CurrenL) 
Current,    Intensity    of  — An  old 

term  sometimes  employed  to  indicate  the 
current  which  resulted  from  a  considerable 
difference  of  potential,  or  a  great  electromotive 
force* 

This  terra  was  also  formerly  used  as  synony- 
mous with  strength  of  current. 

This  use  of  the  term  is  now  abandoned. 

Voltaic  batteries,  connected  m  series  so  as  to 
give  a  considerable  diflference  of  potential,  were 
spoken  of  as  being  connected  for  iniemity. 

This  term  has  also  been  used  for  the  quantity 
of  electricity  conveyed  per  second  across  a  unit 
area  of  cross  section. 

Intensity  of  current  i%  more  properly  called 
density  of  current.     (Sec  Cnrrmi  Density, ) 

Current,   Intermittent A  current 

that  docs  not  flow  continually,  but  which  flows 
and  cea^^es  to  flow  at  inlen'als,  so  that  elec- 
tricity IS  practically  alternately  present  and 
absent  from  the  circuit. 

Current,   Inrerse-Secondary The 

m  akc-ind  u  ced  c  urr  en  t ,  (See  Current  ^  Make- 
Induced.) 

Current,  Jacobfa  Unit  of^— *— Such 
a  current  that  when  passed  through  a  volta- 
meter will     liberate    a  cubic   centimetre  of 
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oiygen  and  hydrogen  at  0  degrees  C.  and 

760  mm*  barometric  pressure. 

One  Tacobi*5    unit    of  current   equals    

10.32 

ampere.     (Obsolete.) 

CitrreBt,      KAke-Indiieed     —The 

current  induced  by  a  current  in  its  own  circuit 
on  making  or  closing  the  same. 

The  current  produced  in  the  secondary  of 
an  induction  coil  on  the  making  or  com- 
pletion of  the  circuit  of  the  primary. 

The  make-induced  current  ts  also  called  the 
invene'Secondary  current,  because  its  directwa 
is  opposite  to  thsit  of  the  inducing  current. 

CuTcnt,  Make  or  Break  Induced,  Dura- 
tion af The  time  during  which  the 

induced  inverse  or  direct -secondary  currents 
continue* 

Blaserna  made  a  number  of  expenraents,  which 
he  claims  shows  : 

(i.y  The  greater  the  distance  apart  of  the  pri 
mary  and  the  secondary,  that  is,  the  less  their 
mutual-induction,  the  lcs!i  tlie  majtimum  value  of 
the  secondary  current,  and  tlie  greater  the  delay 
la  establishing  that  maximum. 

(2.)  The  delay  in  establishing  the  Tnaximum  of 
the  break  or  direct -secondary  current  b  not  as 
great  as  in  the  cose  of  the  make^  or  inverse  sec » 
ondary  current. 

(3;)  When  the  coils  are  near  together,  the  in- 
duced currents  at  starting  arc  established  l>y  a 
series  of  electric  oscillations. 

(4  )  The  primary  current  establishes  itself  by  a 
scries  of  clectncal  oscillations, 

(5,)  That  the  interposition  of  dielectric  s\ib- 
stances,  such  as  glass  between  ihe  coils,  reduces 
the  time  between  tht  making  or  breaking  of  the 
primary  current  and  the  beginning  of  the  sec- 
ondary  current  This  last  conclusion  was  nega* 
tived  by  some  experiments  of  Bernstein. 

Blaserna  dctemiined  m  the  case  of  certain  ex^ 
pcriments  the  following  value  for  the  darabons  of 
the  secondary  currents : 

Inverse  secondary  current  lasts  .000485  second, 

Direct  secondary  current  lasts  .000275  second. 

HclmhoUz  contradicts  the  results  of  Blaserna, 
and  asserts  : 

(i  )  That  no  perceptiTjlc  difference  in  the  lero 
points  of  the  currents  is  produced  by  varying 
the  distance  between  the  pnmary  and  secondary* 

(2  )  That  the  sparkj  produced  by  the  breaking 


of  the  primary  last  for  an  appreciable  time,  some 
thing  like  j^^^  to  ^^j^^  of  a  second* 

(3.)  The  duration  of  the  break -spark  ts  never 
constant,  but  depends  in  great  pu-t  on  the  Amoant 
of  platinum  given  off  from  the  contacts  at  each 
sparks 

Cmrrent^Meier,— A  form  of  galvanometer. 

(See  Gaivanopneier.) 

Current,  Momentary  —A    current 

that  continues  to  flow  but  for  a  short  time, 

Current,  Mnlti-PhAie A  rotaitng 

current.     (,Sec  Current,  Rotaiimg,) 

Current,  HlnM-le In  electro-thera- 
peutics, the  current  flowing  through  si  muscle. 

Muscle  currents  are  produced  either  by  stimu . 
lation,  or  during  activity  of  a  muscle.  According 
to  L.  Hermann,  yninjured  musdes,  or  perfectly 
dead  muscles,  yield  no  currents,  tnit  $Qch  cur- 
rents result  only  from  an  mjury.  (See  Carrmt^ 
Demarcattan.\ 

Cfirrent,  Non- Homogeneous  Distribution 
of —Such  a  distribution  of  current  pass- 
ing throuLfh  a  conductor  in  which  there  is  an 
unequal  density  of  current  at  all  portlQn&  of 
any  cross-section  of  the  conductor. 

When  a  rapidly  alternating  current  is  passed 
through  any  solid  conductor,  the  current  den^lf 
IS  greater  at  the  surface  and  less  towards  the 
centre.  The  current  distributioa  in  such  a  coa 
ductor  is  nou  homogeneous,  and  the  want  of  ant 
formity  of  current  density  is  greater  a«  ihe  rapid* 
ity  of  alternation  or  periodicity  is  greater. 

Current,  Ont^oiu?   —The  current 

sent  out  over  the  line  from  a  station  provided 
with  a  duplet  or  quadruplex  transmission,  as 
distinguished  from  the  received  current.  (See 
Cur  rent,  Received.) 

Ciirreat,    Periodic  —A    simple 

periodic  current,  (See  Cttrrent^t  Strnpie 
PertadiC^ 

Current,  Periodic,  Power  of —An 

amount  of  work,  per  second,  equal  to  the 
product  of  the  electromotive  force  taken  at 
successive  moments  of  time  dunng  a  com- 
plete cycle,  mult iphed  bvthe  current  strength 
taken  at  the  corresponding  moments  during 
the  cycle* 
Since  the  etectro motive  force  And  curFenltii 
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periodic  circuit  nuy  be  represented  hj  two 

aple  liarmonic  functions,  the   mean  yaJue  of 

be  two,  when  of  different  amplitude  and  phase, 

i  eqoa)  to  the  product  of  their  tnaxJmum  value 

'  the  couoe  of  their  diBerenoe  of  phase  divided 


Current  ReTersen*-(Sce  Rn^erser,  Cur* 
rent,) 

Current,  Reversing  a ^Changing  the 

direction  of  an  electric  current. 


Cmrrent,  FolArfsation - 


-In   electro- 


therapeutics, the  constant  current  which  when 
passed  through  a  nerve  produces  in  it   the 
Jccirotonic  slate.     (Stie  Elect roionu^.) 

Current    PiilHatiii^ — A    pulsatory 

irccDL    (Sec  Curreni.  Puisatary,) 

CnreBt,  Fnl<Mitory A  current,  the 

ih  of  which  changes  suddenly. 
The  pulsatory  current  usually  consists  of  sudden 
nd   distinct   impulses,  or  rushes  of  current*  in 
Blaradtttinctlon  to  an  ondulatory  or  harmonically 
!  current. 

fUrrent.    Receired  — The  cuirent 

ed  from  the  distant  end  of  the  line  at  a 
!  provided  with  a  duplex  or  quad  ru  pi  ex 
nission  as  distingtiished  from  the  out- 
gDing  ctjrrent. 

A  term  sometimes  used  in  telegraphy  to 
distinguish  between  currents  that  come  in  over 
the  line  from  a  dbtant  station^  and  those 
that  are  sent  out  to  a  distant  station* 

Cttire&t.   Rectilinear A    current 

^^flowing  through  straight  or  rectilinear  por- 
^HUoRS  of  a  circuit. 

^H  In itndying  the  effects  of  the  a ttractio n s  or  rcpul - 
^Bbtos  produced  by  electric  currents  the  name  ex- 
^^  praring  die  peculiarity  of  shape  of  any  part  of 
tteftnmit  is  olten  applied  to  the  current  flowing 
Ckpooi^  tliat  part  of  the  circuit.  Thus  we  speak 
^a  raetiliaear  current,  a  sinuous  current* 

Carre nt.    ReTer»e-Indnced  — The 

t  induced  by  a  current  in  its  own  dr- 
at the  moment  of  making  or  closing  the 
ircuU. 

The  ctnrent  induced  in  the  secondary  on 

closing  Of  making  the  cuxuit  of  the  primary. 

Tlus  is  called  the  reverse- induced  current,  be- 

CMselti  direction  is  opposite  to  that  of  the  current 

In  ike  inducing  circuit, 

OsrTiiit»  Reversed A  current  whose 

direction  is  changed  at  intervals.    (See  Cur* 
wmiu  Aii€mating.) 


Current,  Kotatitig 


-A  term  applied 


to  the  current  which  results  by  combin- 
ing a  number  of  alternating  currents,  whose 
phases  arc  displaced  with  respect  to  one  an- 
other* 

A  rotating  current  is  sometimes  called  a  poly- 
phase or  multipte -phase  currmt^  particularly  if 
there  are  three  or  more  currents  combined. 

The  rotating  current  is  employed  by  Tesla, 
Dobrowolsky  and  others  i\\  a  system  of  distribu- 
tion  by  transformers  in  place  of  the  ordinary 
alternating  current.  In  practice,  three  alternating 
current  are  combined.  The  currents  and  their 
combination  are  obtained  by  means  of  a  specially 
constructed  alternator.  When  three  currents  are 
combined  the  displacement  between  each  set  of 
phases  is  1 20  degrees.  A  rotating  current,  unlike 
an  alternating  current,  possesses,  in  a  certain 
sense,  a  definite  direction  of  flow.  Its  effect  on  a 
magnetic  needle  is  to  cause  rotation.  Hence 
motors  constructed  on  ihc  principle  of  rotating 
currents  will  start  with  a  load. 

Current,    Rotatory  •  Phase  •  AlternatinjET 

— —  — ^A  term  sometimes  employed  for  a 
rotating  electric  current.  (See  Currtnt^  Ro* 
tating.) 

Cameat,  Seerettoa  — *In  electro- 
therapeutics, a  current  following  stimulation 
of  the  secretory  nerves. 

Cnrrent,  Simple^Harmonfc ^A  term 

sometimes  med  instead  of  simple-periodic 
current     (See  CurraUs,  Simple  Per  iodic  ^\ 

Cnrrent,  81  nitons A  term   some* 

times  applied  to  currents  flowing  through  a 
smuous  conductor. 

Sinuous  currents  exert  the  same  effects  of  at  trac* 
tion  or  repulsion  on  magnets,  or  on  neighboring 
circuits,  as  would  a  rectilinear  current  whose 
length  is  that  of  the  axis  of  such  sinuous  current. 

This  can  be  shown  by  approaching  the  circuit 
A'  B*,  Fig,  1S2,  consisting  of  the  sinuous  con- 
ductor A',  and  rectilinear  conductor  B',  to  the 
movable  conductor  A  B  C,  on  which  it  produces 
no  effect.     The  current  A',   therefore,  neutral* 
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izes  Uie  effects  of  tlw  cuirent  B'(  or,  it  is  eqnal  to 
it  in  effect. 


V 


Id  catoilating  the  efTects  of  sinuous  currents  it 
is  coDYcnient  to  consider  them  as  consisting  of  a 


fi^'  rSs*    Shmffu*  OtrrentK 

succession  of  short,  straight  portions  at  right  an- 
gles to  one  another,  as  shown  in  Fig.  1S3. 

Current,  Steady  — A  current  whose 

strength  does  not  vary  from  time  to  time. 

In  a  steady  current  the  quantity  of  electricity 
flowing  through  each  unit  of  area  of  the  equi- 
potential  surface  of  the  conductor  is  the  same  for 
each  succeeding  interval  of  time.  Such  a  current 
is  sometimes  called  a  umfitrmly  dUtrihuted  cur* 
went. 

Carrent    Streamlets*— (See    Streamlets, 

Current.) 

Cnrrent  Strength. — The  product  obtained 
by  dividing^  the  electromotive  force  by  the 
resistance. 

The  current  strength  for  a  constant  cmrent 
acGOi-dijig  to  Ohm*d  law  is^ 

c=|. 


Current  strength  is  proportional  to  the  amount 
of  the  magnetic  or  chemical  (electrolytic)  effects 
it  is  capable  of  producing. 

For  a  simple- periodic  current,  the  current 
strength  necessarily  varies  from  time  to  time. 

The  average  current  strength  of  a  simple- 
periodic  current  is  equal  to  the  average  impressed 
eiectromotive  force  divided  by  the  impedance. 
(See  Impedance.) 

The  maximum  ctirrent  strength  is  equal  to  the 
majiimum  impressed  electromotive  force  divided 
by  the  impedance. 

Current,    to    Transform     a To 

change  the  electromotive  force  of  a  current 
by  its  passage  through  a  converter  or  trans* 
former. 

To  convert  a  current. 

Current,  Tranitformiugr  a Chang- 
ing the  eleclromolive  force  of  a  current  by  its 
passage  through  a  converter  or  transformer* 

Current,    Undulating An    undu- 

latory  current.    (See  Currents^  Undulatory) 

Current*  ITniforuiIy-Distributeil ^  — 

A  term  sometimes  employed  in  the  same 
sense  as  steady  current.  (See  Current, 
Steady,) 

Current,  Uult  Strength  of- — ^Such 
a  strength  of  current  that  when  passed 
through  A  circuit  one  centimetre  in  length, 
arranged  in  an  arc  one  centimetre  in  radius, 
will  exert  a  force  of  one  dyne  on  a  unit  mag- 
net pole  placed  at  the  centre. 

This  absolute  imit  is  equal  to  ten  amperes  or 
practical  units  of  current.     (See  Amplre^\ 

Current,    Variable    Period     of 

The  period  which  exists  while  an  electric 
current  is  being  increased  or  decreased  in 
strength,  or  while  it  is  being  reversed. 

Currents,  Act  ion Physiological  cur- 
rents obtained  during  the  activity  of  a  muscle 
or  nen'c. 

Currents,  After In   clectro-thera* 

peutics,  currents  produced  in  nervous  or 
muscular  tissue  when  a  constant  current, 
which  has  been  flowing  through  the  same^ 
has  been  stopped. 

After  currents  are  due  to  internal  polarieatian. 

Cnrrenta,    Alternating-Primary 

The  currents  employed  in  the  primary  of  a 
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wte  induce  ahenmting  currents  in 
^■f,     (Sec  Trans/armer,) 

lis,  Alternatliif 'Secondary 

cms  induced  in  the  secondary  of  a 
ici  by  the  aUcmating  currents  in  the 
(See  Transformer^ 

Its,  Alternating,  81tirtingr  of  Pliune 
^{Scc  Phase,  Shs/ting  oj,  of  Alter- 
"iurrenti.) 

its,  Ampirian ^The  electric 

that  are  assumed  in  the  amp^xian 
magnetism  to  flow  around  the  mole- 
magnet.  {^^  Magnetism,  Ampere's 

/) 

Parian  currents  arc  to  be  distinguished 
i/i/y,  I'ftucaulty  or  parasiticai  ittrrtnts, 
tke  them,  they  are  directed  so  as  to  pro 
|]  effects.  (See  Current s^  hddy. ) 
)t  bcheved  that  the  ampdrian  cuirents 
ted  in  magnetizable  substances  by  the 
gnetJzation.  The  atoms  or  molecules 
netic  origiaatly.  All  the  magnetizing 
I  is  to  arrange  the  molecule?  or  atoms, 
hem  in  one  and  the  same  direction. 

ita.  Angular Currents  fiow- 

gh  circuits  that  cross  or  are  inclined 
Mhcr  at  any  angle.    (See  Dynamics, 

llo*    Atomte A  term  some- 
id  instead  of  mokcular  or  amp^rian 
(Sec  Currents  Amphrtan.) 

Its,   Attractions    and    Repulsionji 

-The  mutual  attractions  or  repul- 
tried  by  currents  on  one  another 
the  interaction  of  their  magnetic 
Sec  Dynamics,  Electro^ 

ita,  Conimnied EJectrk  cur- 

t  have  been  caused  to  flow  in  one 

Kdirection.  (See  Commutator ^) 
Comniiitinf?  — Causing 
ts  to  flow  in  one  and  the  same 

ltii  Cnnipfiuent The  two  or 

fmts  into  which  it  may  be  conceived 
ngle  current  can  be  divided,  so  as 
:c  the  same  effects  of  attraction  or 
itltot  the  single  current  would  do. 


The  idea  of  component  currents  IJ  based  on  the 
similar  idea  ot  the  componenti  of  any  single 
force. 

Currents,    Continuity    of    ^The 

freedom  fro/n  variation  in  current  strength  or 
current  direction. 

Currents,    CoiiTectlon    — Currents 

produced  by  the  bodily  carrymg  forward  of 
sialic  charges  in  convection  streams.  (Sec 
Streams,  Convection,) 

In  a  convection  current,  the  static  charge  is 
bodily  carried  forward. 

Rowland  has  shown  experimentally  that  a 
moving  electric  charge  is  the  equivalent  of  an 
electric  current.  He  rotated  a  gilded  ebonite 
disc  between  two  gilt  glass  discs,  near  which 
were  placed  a  number  ot  delicate  magnetic 
needles.  Wlien  certain  rapidity  of  rotation  was 
obtained,  the  discs  were  found  to  afiect  the  mag- 
netic needles  the  same  as  would  a  current  of  elec- 
tricity flowing  in  a  circular  conductor,  whose 
form  coincided  with  the  periphery  of  the  disc. 

Curr^ot^  Converted  —  —Electric  cur- 
rents changed  either  in  their  electromotive 
force  or  in  their  strength,  by  passage  through 
a  converter  or  transformer.  (See  Trans- 
farmer.) 

Cnrrenta,    Converting  — Changing 

the  electromotive  force  of  currents  by  their 
passage  through  a  converter  or  transformer. 
(See  Transformer,) 

Currents.  IHnphmsrm  — -Electric cur- 
rents produced  by  forcing  a  liquid  through 
the  capillary  pores  of  a  diaphragm,  (See 
Osmose,  Electric) 

Currents,  Earth ^Electric  currents 

flowing  through  the  earth,  caused  by  a  differ- 
ence of  potential  at  different  parts. 

The  causes  of  these  differences  of  potential  are 
various  and  are  not  well  understood, 

Corrents,  Eddy  —Useless  currents 

produced  in  the  pole  pieces,  armatures,  field- 
magnet  cores  of  dynamo-electric  machines  or 
motors,  or  other  metallic  masses,  either  by 
their  motion  through  magnetic  6elds,  or  by 
variations  in  the  strength  of  electric  currents 
flowing  near  them. 

Sensible  eddy  currents  arc  producd  in  the  mass 
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of  the  conducting  wire  on  the  armatiire  of  a 
dynamo-electric  machine  when  the  wire  is  com* 
paratively  heavy. 

Such  currents  are  called  eddy  cttrrmit,  local 
currtnis^  F^mauH  currents,  or  pirasitual  cur- 
I ents.  They  fonn  closed  -circuiU  of  comparatively 
low  resistance,  and  tend  to  cause  undue  heating  of 
armatures  or  pole  pieces.    They  not  only  cause  a 


Pi^^  1S4.    FffHcauU  Cmrrentstn  /hfr  /feof/. 

useless  expenditure  o(  energy,  but  interfere  with 
the  proper  operation  of  the  device. 

To  reduce  the  no  as  far  as  practicable,  the  pole 
pieces,  armature  cores  or  armature  wires,  are 
laminated.     (See  Caret  Lamination  of,) 

These  local  currents  are  perhaps  preferably 
called  Foucault  currents  when  Ihey  take  place 
in  magnetic  cores,  pole  pieces  or  armature 
cores,  and  eddy  currents  when  they  occur  in  the 
anna  hire  wire  or  conductor.  \\Tien  the  armature 
conductor  is  made  up  of  copper  bars,  for  exam- 
ple, the  eddy  currents  in  the  latter  are  usually 
considerable. 

Since  Foucault  currents  in  dynamo -electric  ma- 
chine cores  are  due  to  variations  in  the  magnetic 
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Strength  of  the  field  magnets,  or  of  the  arma- 
ture, they  will  be  of  greatest  intensity  when  the 
changes  in  the  magnetic  strength  are  the  greatest 
and  most  sudden. 

These  changes  are  most  marked,  mod  conse- 
quently the  Foucault  currents  arc  strongest  at  those 
comers  of  the  pole  pieces  of  a  dynamo  from  which 
the  armature  is  moved  in  its  rotation,  as  wiU  be 
seen  from  an  inspection  of  Fig.  184. 

Fig.  185,  shows  Foucault  currents  generated  in 
pole  pieces. 


CarrenK    Eddjr-Coiid action    ^ — -  — A  i 

term  employed  for  ordinary  eddy  currents  in 
conductors,  in  order  to  distinguish  them  from 
eddy-displacement  currents.     (See  Curreniu  ^ 
Eddy~  Displacement.) 

Currents,  Eddy  Deep  Seated Eddy 

currents  set  up  m  the  mass  of  a  conductor  sub- 
jected to  electro-dynamic  induction  m  con- 
tradistinction to  superficially  seated  eddy  cur- 
rents.    (See  Currents,  Eddy,  Superficial^ 

Citrreiits;,    £ddy-I>ii»plaeenieat 

Eddy  currents  produced  in  the  mass  of  a 
dielectric  or  insulator,  when  Unesol  magnetic 

or  electrostatic  force  pass  through  the  di- 
electric or  insulator. 

Eddy -displacement  currents  are  prodaced  in 
a  dielectric  or  non-conductor^  when  it  is  moved 
across  a  magnetic  field,  so  as  to  cut  the  lines  o< 
magnetic  force* 

Eddy  displacement  currents  would  also  occor 
if  a  dielectric  is  subjected  to  varying  decCrostalic 
induction. 

Current*,  E4d|%  Saperfleial Eddy 

currents  produced  in  conducting  substancesj 
that  are  limited  to  the  outer  la>^rs  thereof. 

The  eddy  currents  produced  by  altemaliiif  J 
currents  are  superficial  if  the  alternating  currcnlf  ^ 
are  sufficiently  rapid.  The  oscillatory  curreots  pro- 
duced during  the  discharge  of  a  Leyden  jar  are 
more  superficial  in  proportion  as  the  discharge 
takes  place  rapidly.  When  currents  arc  ptn. 
dttced  in  a  magnetizable  body  by  the  dischofige 
of  a  Leyden  jar,  they  are  more  and  more  super- 
ficiali  as  the  discharge  of  the  jar  is  more  and  laore 
rapid.  The  reason  a  slow  discharge  of  a  jar  or 
condenser  produces  a  greater  magnetizing'  efliect 
is,  because  of  the  checking  or  screening  action 
the  superficial  eddy  currents  exert  on  the  interior 
of  the  mass  of  the  magnetiiable  substance  when 
the  discharge  is  very  rapid. 

CnrrentH,  EtectrotonEe —In  electro- 
therapeutics, currents  due  to  internal  polarijr*^ 
tion  in  the  nerve  fibre  between  the  conductiB 
ing  core  of  the  nerves  and  the  enclosing 

sheaths. 

Carrents,  E^tra Currents  pro- 
duced in  a  circuit  by  the  induction  of  the 
current  on  itself  on  the  opening  or  closing  of 
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fciifL      (Sec  Currents,  Kxira,    Indue* 

feKtra  curreat  induced  on  breakings  flows 
liunc  dirccbcm  as  the  original  current  and 
fetrengthai  «nd  prolong  it 
extra  current  induced  on  making  or  com- 
ai  circuit  flows  in  ihc  opposiu  di  rat  ion, 
Irigiiial  cuircnt  ftod  tends  to  ^ppsse  or  re  ■ 

■  CIHTQBt* 

cjf  these  currents  are  called  i^b/irff^*/ or 
MrreHi$,  The  former  is  called  the  (/ly***/ 
P  €iirr#M/,  and  tl*e  latter  the  r«r:*^J<-«/ini- 
lurrmi,  (See  Current^  Dirttt'lHdm€d. 
f,  JttP4rrttd'/ndaU€^.) 
Ilier  to  distinguish  this  induction  ftwn  tliat 
|d  in  a  mtigkioru^  conductor  by  the  pa^* 
the  electric  current,  it  is  called  ifij-indtu-. 
pSec  lndm:tion,  Stif,  IndtifU^H^  MiUtmL ) 
lilectona  telegraphic  line  oi  tTic  self-tu- 
Ircxtei  currents  is  to  decrease  the  speed  ot 
Ig  by  retarding  the  begummg  ot  a  signal, 
llooging  its  cessation . 

greater  the  number  of  turns  of  wire  m  a 
or  magnet,  and  the  greater  the  mass  of 
itt  core^  the  greater  liie  strength  o£  the 


penis,  FoucaitU  - 


-A  name  some- 


ipplied  to  eddy  currents,  especially  la 
ire  cores.     (See  Currents,  Eddy) 

t«nt%  HcAtlti^  EffeclH  of  — ^ The 

loduced  by  the  passage  of  an  elect nc 
t  ihroueh  any  circuit,     (See  Hmt^  Eiec* 

Wf^  laihlbiiUiii  *—^^  ^Currents 
W  in  tissues  by  the  inibibltion  or  ab- 
m  of  a  ilutd. 

bilioa  currents  are  a  species  of  diaphragm 
L  The  absorption  of  %  fluid  at  the 
^on  surface  of  an  injured  nerve  or 
I  or  at  the  contracted  portion  of  muscles, 
es  Imbibition  cnrrents. 
I  currents  are  also  produced  in  plants  by 
lement  of  fluids  produced  by  bending  the 
\  tcaTcs,  or  by  active  movements  oi  certain 
ke  plants* 

reiitH,  IndQcod-Molecular  4»r  Atnmte 
pCurrcnts  induced  in  the  atoms  or 
pes  of  a  magnetizable  substance  on  its 
Plough t  into  a  ma^etic  field* 
||e  correzits  are  called  induced -molecular 
i-atomic  currents  in  order  to  distin- 


guish them  from  the  moteculart  atomic  or  am p(nan 
currents,  or  the  currents  which  are  assumed  to  be 
always  present.  It  is  by  the  presence  of  these 
assumed  induced -molecular  currents  that  the 
phenomena  of  diamagnetism  are  explained  by 
Weber.  (See  Diamaptetismy  IVe&er's  Theory 
¥^) 

Cnrrents,  Local  — A  name  sometimes 

applied  to  eddy  currents.  (See  Currenis^ 
Eddy.} 

Carre ats,  jflolecular  or  Atoiulc 

A  term  sometimes  employed  for  amp^rian 
currents*     (See  Currents,  Amp^rian.j 

Currents,  Natural A  term  some- 
times applied  to  earth  currents*  (See  Cwr- 
renfs^  Earth,) 

Currents,  N4}^allve A  term  cm- 
ployed  in  single-needle  telegraphy  for  cur- 
rents sent  over  a  line  in  a  negative  direction 
by  depressing  a  key  that  connects  tlie  line 
with  the  negative  pole  of  a  battery  and  so 
deflects  the  needle  to  the  left.  (See  Tti^- 
rapky,  Single^Needle) 

Currents^  Network  of— -—A  term 
sometimes  applied  to  a  number  of  shunt  or 
derived  circuits,  (See  Circuit,  Shunt,  Cir» 
cuit.  Derived.    Latt/s,  Kirckhoff* i,) 

Ciirrenfs  of  Motion.— A  term  sometimes 
employed  in  electro-therapeutics  for  the  cur- 
rents of  electncity  that  traverse  healthy 
muscle  or  nerve  tissue  during  the  sudden  con- 
traction or  relaxation  thereof. 

The  existence  of  these  currents  is  denied  by 
some, 

Currontii  of  Rest, — ^A  term  sometimes  cm- 
ployed  in  electro- therapeutics  for  the  cur- 
rents of  electricity  that  traverse  healthy 
muscle  or  nerve  tissue  while  the  muscles  are 
passive. 

The  citLstence  of  these  currents  is  deoiod  by 
some. 

Currents,  Orders  of Induced  elec- 
tric currents  named  from  the  order  in  vk^hich 
they  are  induced,  as  currents  of  the  first, 
second,  third,  fourth,  etc,  orders. 

An  induced  current  can  be  caused  to  induce  an- 
other current  in  a  neighboring  circuit,  and  this  a 
third  current,  and  so  on.    Such  curraits  are  di9> 
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tingiiished  by  the  term^  currents  of  the  sccondi 
third,  fourth,  etc.,  order*     (Sec  Cails^  Henrys.) 

Currents*     Parasitical A     name 

sometimes  applied  to  eddy  currents,  (See 
Currents,  Eddy.) 

Ctinrntt*,  Positive — A  term  em- 
ployed in  single-needle  telegraphy  for  currents 
sent  over  the  line  in  a  positive  direction  by  de- 
pressing a  key  that  connects  the  line  vvHth 
the  positive  pole  of  a  battery  and  so  deflects 
the  needle  to  the  right,  (See  Telegraphy, 
Single- Needle^ 

Currents  Ke?er»ed  — —  —A  name  some- 
times applied  to  alternating  currents.  (See 
Current,  Alternating,) 

Currents^  Secondary The  currents 

produced  by  secondar>'  batteries  in  contra* 
distinction  to  the  currents  produced  by 
primary  batteries. 

The  currents  produced  by  the  secondary 
conductor  of  an  induction  coil,  as  distinguished 
from  the  currents  sent  into  the  primaries. 

Tins  second  use  of  the  term  secondary  current 
Is  more  usual. 

Currents,  ^If-lnduced --A  current 

produced  by  self-induction. 

An  extra  current.  (See  Induction,  Self, 
Currents,  Extra.) 

Currents  Simple  Periodic  ^Cur- 
rents, the  flow  of  which  is  variable,  both  in 
strength  and  duration,  and  m  which  tlie  flow 
of  electricity*  passing  any  section  of  the  con- 
ductor, may  be  represented  by  a  simple  peri- 
odic curv^e. 

A  current  of  such  a  nature  that  the  con- 
tinuous variation  of  the  flow  of  electricity 
past  any  area  of  cross-section  of  the  con- 
ductor, or  the  variations  in  the  electromotive 
force  of  which  can  be  expressed  by  a  simple- 
periodic  or  l^armonic  curve.  (Sec  Curve, 
Simple'Harmonic.) 

Alternate  currents  are  simple-periodic  currents. 

The  average  current  strength  of  simple- periodic 
currents  is  equal  to  the  average  impressed  dcctro- 
motive  force  divided  by  the  impedance. 

The  transmission  of  rapidly  varying  or  sim- 
plC'periodic  currents  through  conductors  differ* 
wtvf  lii^reatly  from  the  transmission  oi  steady  cur. 


rents.  With  a  steady  current,  the  current  density 
is  the  same  for  all  areas  of  cro5S-!>ectioa  of  the 
conductor.  For  a  rapidly  intermittent  current, 
the  current  density  is  greater  near  the  surface, 
and  when  the  rate  of  intermission  is  sufEcieotlf 
great,  the  current  is  entirely  absent  at  the  centre 
of  the  conductor* 

Lord  Ray  lei  gh  has  shomi  that  when  the  rate  oi 
intermission  is  1,050  per  second,  the  effective  re* 
sistance  of  a  wire  160  mm.  in  leogthi  and  30  mm« 
in  diameter^  is  i  84  bmes  its  resistance  to  steady 
currents.  lie  found  that  the  increase  of  resist- 
ance is  greater  m  the  case  of  conductors  of  great 
diameter  than  in  those  of  smaU  diameter. 

As  regards  the  character  ol  conductor  best 
suited  for  transmitting  rapidly  alternating  cur- 
rents, it  can  be  shown  : 

(1.)  That  for  transmitting  alternate  currents 
moderate  frequency,  say  of  about  1,000  per  sec 
ond,  copper  conductors  should  be  used  in  prefer- 
ence to  rods  of  iron. 

(2.)  That  the  conductor  should  be  in  the  form 
of  thin  strips,  or  if  tubular,  of  thin  walls. 

(3.)  That  the  mere  stranding  of  the  conductor* 
1.  ^,,  forming  it  of  separate  insulated  condiictOfS 
connected  in  parallel,  will  be  of  no  effect  in  pre 
venting  the  current  from  acting  on  the  outstde  of 
the  conductor,  unless  the  conductor  be  arranged 
in  the  form  of  a  cable,  in  which  one  part  forms  a 
lead,  and  another  part  the  return, 

Stcphan  draws  the  following  analogy  l>etwocn 
the  flow  of  alternating  currents  in  a  conductor 
and  the  flow  of  heat  in  a  hot  wire  : 

* '  Suppose  a  wire  or  conductor,  uniformly  heated 
from  centre  to  circumference,  be  suddenly  taken 
into  a  space  where  the  temperature  is  high,  the 
outer  portions  of  the  wire  first  rise  in  temperature, 
and  afterwaais  the  inner  portions.  In  the  case  of 
a  conductor  of  circular  cross -section,  the  heat 
penetrates  successive  concentric  layers.  The  same 
phenomena  occur  when  an  electromotive  force 
suddenly  set  up  between  the  ends  of  a  cylindricai 
conductor.  The  current  gradually  penetrates 
conductor  from  the  outside  to  the  centre. 

*»  Now  suppose  the  heated  wire  is  earned  into  a 
cooler  space,  the  heat  waves  pass  out  radially 
from  the  centre  towards  the  circumference.  The 
cooling  wire  corresponds  to  the  case  of  a  con- 
ductor in  which  the  external  electromotive  force 
is  suddenly  removed/* 

According  to  this  conception,  the  heat  conduct- 
ing power  of  any  substance  corresponds  to  lU 
electrical  conducting  power* 
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Aooarding  to  Stephan,  in  the  case  of  a  con- 
doctor  of  iroQ  of  4  mm.  in  diameter,  traversed  by 
m  aUemating  curreat  of  250  alternations  per 
McotuU  the  current  density  on  the  surface  is  about 
tmtnij'Bve  times  as  great  as  that  at  its  axis. 

Where  the  conductor  is  of  non«  magnetic  mate- 
rial, the  difterence  in  the  current  density  is  not  so 
marked. 

Rapidly  intcrmitteat  curreots  produce  a  real 
iacTcase  in  the  resistance  of  the  conductor,  whkh 
mast  not  be  confused  with  the  fact  that  the  impe- 
diace  is  greater  than  the  obmic  resistance,  but 
imther  as  an  actual  increase  irt  the  rate  at  which 
energy  is  dissipated  per  unit  of  current. 

Sioce  current  density  is  greatest  at  the  outside 
portions  of  a  conductor,  and  the  central  portions 
are  nearly^  if  not  entirely,  deserted  by  the  cur. 
rent,  wc  may  regard  the  conductor  as  having 
the  ohniic  resistance  of  a  hollow  cylinder  of  the 
>ame  diameter  as  the  conductor,  with  a  cor. 
l«apoDdingly  smaller  area  of  cross-section,  and 
.  of  greater  ohmic  resistance  per  unit  of 


The  condition  of  aflfaira  in  the  case  of  a  con- 
dactorin  which  a  current  of  electricity  is  begin- 
tda^  to  flow,  is  now  very  generally  regarded 
anBiewhat  as  follows,  vii. : 

Tbe  CTirrent  begins  at  the  aurfece  of  the  con- 
llttctor,  and  more  or  less  slowly  soaks  through 
lowsrds  the  centre.  If  the  current  is  constant,  the 
cuiicut  soon  reaches  the  deepest  layers;  but,  if  it 
is  rapidly  intermittent,  before  it  can  soak  very  far 
lata  the  conductor  towards  its  axis,  it  is  turned 
lack  towards  the  surface,  and  so  becomes  con- 
inal  to  layers  which  will  be  more  and  more  super- 
idal,  as  the  rapidity  of  reversal  increases. 

Thcreiore,  for  convenience,  we  may  regard  a 
•oUd  conductor,  through  which  a  rapidly  inter 
Buetent  current  of  electricity  is  flowing,  as  being 
practically  converted  into  a  hollow  cylinder  of 
the  nroe  diameter  as  the  solid  conductor,  the 
aiea  of  CTOss-section  of  which  hoHow  cylinder 
beconiet  tmaQer  and  smaller,  as  the  rapidity  of 
ailemabon  is  increased. 

Another,  and  perhaps  the  more  correct  conccp- 
tfon  ol  the  condition  of  aflajri  in  a  solid  conductor 
tiaifctiul  by  a  rapidly  alternating  current  of  elec- 
&iaty,  ha* been  pointed  oat  by  Maxwell,  and  after- 
wards by  Hcavyside,  Rayteigh  and  Hughes.  This 
tPilCgption  is  to  regard  the  centra!  portions  of  the 
conductor  as  possessing  a  counter  electromotive 
force  freater  than  ihc  miter  portions.  The  entire 
i  flowing  across  any  section  of  a  conductor 


may  be  regarded  as  made  up  of  little  currmt 
streamUts^  parallel  to  one  another. 

The  central  streamlets,  or  filaments,  from  their 
mutual  induction  on  one  another,  experience  a 
greater  resistance  In  reaching  their  full  strength 
than  the  surface  htaments  do.  Taken  in  this 
sense,  we  may  state  generally  that  the  transmis- 
sion of  rapidly  alternating  currents  through  con- 
ductors depends  on  the  inductance,  rather  than 
on  the  resistance;  but  for  steady  currents,  it  de- 
pends more  on  the  resistance  than  on  the  induct- 
ance. 

In  periodic  or  oscillatory  currents,  as  those 
produced  by  the  discharge  of  a  Leyden  jar*  or 
condenser,  the  surface  streamlets  have  a  current 
density  far  greater  than  the  central  streamlets. 

The  true  or  ohmic  resistance  of  the  circuit  is  a 
minimum  when  tlie  current  is  uniformly  distrib- 
uted  through  all  parts  of  the  cross -section  of  the 
conductor,  and  the  dissipation  of  energy  through 
the  generation  of  heat  is  less  than  for  any  other 
distribution. 

The  conception  of  a  periodic  current  flowing 
through  a  conductor,  starting  from  the  surface 
_  and  gradually  soaking  in  towards  the  centre, 
regards  the  energy  of  an  electric  current — not  as 
being  pushed  through  the  conductor,  as  water 
through  a  pipe,  but  as  actually  being  absorbed  at 
its  surface,  from  the  surrounding  dielectric,  or  as 
being,  so  to  speak,  rained  down  on  the  conductor 
from  the  space  outside  of  it. 

Current^  Kwdlin^ In  electro- 
therapeutics, currents  that  begin  weak  and  arc 
gradually  made  stronger  and  then  weaker, 

Cwirents,     Swell ing-Famdlc —A 

term  employed  in  electro-therapeutics  lor  (ara- 
dic  currents  that  are  caused  to  gradually  m- 
creise  m  strength  and  then  to  gradually  de- 
crease ttj  zero  strength. 

Currents,  Transient Currents  that 

are  but  of  momentary  duration. 

Currents,  Fndiiliitary Currents  the 

strength  and  direction  of  whose  flow  gradually 
change. 

The  terra  undulatory  currents  is  used  m  con- 
tradistiticUon  to  pulsatory  currents,  in  which  the 
strength  changes  suddenly.  In  actual  practice, 
such  currents  differ  from  undulatory  currents 
more  in  degr«  than  in  kind,  since,  when  sent 
into  a  line,  the  effects  of  rHardatwn  lend  to 
obliterate,  to  a  i^reater  or  less  extent,  the  suddeo 
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diifcTenccs  in  intensltj  on  whidi  their  pulaatorj 
character  depends. 

The  curreuts  produced  in  the  coils  of  the  Sie- 
mens magneto* electric  key^  in  which  the  me« 
chanical  to-and-fro  motion  uf  the  key  sends  dec- 
trical  impulses  into  the  line,  are,  in  point  of  fact, 
undiilatory  in  character,  when  they  follow  one  an* 
other  rapidly* 

The  ciixrents  in  roost  dynamo- dectric  machines, 
the  number  of  whose  armatxire  coils  is  compara- 
tively great,  are,  so  far  as  the  variations  in  their 
intensity  or  strength  are  concerned,  iindulatory 
in  character  evoA  when  non-com  muted. 

The  currents  on  all  telephone  lines  tliat  trans- 
mit articulate  speech  arc  undulatory.  Thh  is 
true,  whether  the  transmitter  employed  merely 
Taries  the  resistance  by  variations  of  pressure,  or 
actuaUy  employs  makes-and^brcaks  that  rapidly 
follow  one  another. — (Sec  Curr^ni^  Puisai^iy, 
Currtmt^  Imiermiiitni*) 

Cartain,    Anroral   — A    sheet    of 

auroral  light  having  the  shape  of  a  curtain* 
(See  Aurcra  BorealiSn) 


The  ballistic  curve  has  a  smaller  verticftl  bdg;ht 
than  the  parabola.    The  projectile  also  hai  i 


-A   straight 


CoTTe,  Asymptote  ©f  - 

line  which  continually  approaches  a  curyed 
line,  but  meets  or  becomes  tangent  to  such 
ctirved  line  only  at  an  infinite  distance. 

In  Fig,  186,  the  curve  C  D,  continually  ap- 
proaches the  asymptote  y  z,  hot  never  meets  it. 

It  is  at  first  difficult  to  un- 
derstand bow  one  line  can 
continually  approach  an- 
other and  yet  never  meet  it. 
But  it  will  be  neadily  under*  ^ 
stood   if   it    15    remembered    ^  * 

that  in  all  cases  of  asyrap-  ^V-  ^^6-  Arym^M* 
totic  approach  each  advance  "^    *"^* 

becomes  smaller  and  smaller. 

This  mathematical  conception  U  like  a  value 
which,  although  constantly  reduced  to  one-half 
of  its  former  value,  is  nevertheless  never  reduced 
to  zero  or  no  value. 

Ctirre,  Balllitie -The  cunc  ac- 
tually described  by  a  projectile  thrown  in 
any  other  than  a  vcrtk:al  direction  through 
the  air. 

The  path  of  a  projectile  in  a  vacuum  is  a  para- 
bola—that is,  the  path  A  E  B,  Fig.  187.  In  air, 
the  eJiects  of  fluid  resistances  cause  the  projectile 
to  take  the  path  A  C  D,  called  a  haUistic  €ur&e. 


Dl  F 
Fig,  18  fm    Bmtiittic  Girrv. 

smaller  vertical  range.    Instead  o£  reaching  the 
potnt  B,  it  cQDtinuaUy  approAcbes  the  pcrpco^ 

dicular  E  F, 

€iinr©,  Charaet<'rl«1ic A  diagram 

in  which  a  curve   is  emploj^ed  to  represent 
the  ratio  of  certain  varying  values. 

The  electromotive  force  generated  in  the  arma* 
ture  coils  of  a  dynaxoo-clectric  machine,  when  the 
magnetic  field  is  of  a  constant  intensity,  is  theo- 
rctically  proportional  to  the  speed  of  rotation*  In 
practice  this  19  modi  lied  by  a  number  of  circnm- 
stances. 

The  relation  existing  between  the  ^^eed 
and  electromotive  force  may  be  graphically  rep- 
resenteii  by  referring  the  Talues  to  two  straight 
lines,  one  homontal  and  the  other  vertical,  caalled 
respectively  the  aj^ts  of  aiseissai  and  iyrJmatrs. 
(See  Ahdfsai^  Axis  c/J\  If,  in  a  given  case,  the 
number  of  revolutions 
is  marked  off  along 
the  horizontal  line  J 
from  the  point  o.  Fig. 
1&8,  in  distances  from 
o,  proportional  to  the  | 
number  of  revolu- 
tions, and  the  corr^ 
tponding  clectromO' 
tive  forces  are  marked 
ofiF  along  the  vertical  line  in  distuices  firora  cv 
proportional  to  the  electromotive  forces,  the 
points  where  these  lines  intersect  will  form  the 
characteristic  curve  as  shown  in  Fig,  iSSu 

Cnrre,  ClumieterMie^  of  Parallel  Trau- 

former A  curve  so  drawn  that  Its 

ordinate  and  abscissa  at  any  point  represent 
the  secondary^  electromotive  force  and  the  sec- 
ondary current  of  a  multiple  connected  tians- 
former,  when  the  resistance  of  the  \ 
circuit  has  a  certain  defUute  value. 

With  a  constant  electromotive  force  1 


Fig.  tl99. 


Cwrsr. 


f  drculty «.  ^.,  with  the  transformers  in  parallel, 
r^Ae  characteristic  curve  is  a  straight  line  poralkl 
to  the  axis  of  the  current.  This  curve,  as  shown 
to  Fig*  i%»  is  practicallj  a  straight  line.  The  par- 
iM  traiis£ornier  will  be 
prwUcaUy  self  regulating 
oadcra  constant  primary 
electromotive  force. 

Accor^lmg  to  Forbes^  if 
Atnisfonxicr  hasitslamp/r^.    ^Sq.     Chnroitt^- 

hiA  in  parallel  with  the  i$tir  e/ Paralttl  Tram- 
Kcondary  circuit,  the  est-  /*rmtr, 
tmctiioci  o£  its  lamps  will  decrease  the  efficiency 
(tf  llie  tTaasfbrima-.  The  efficiency  is  therefore 
hm  far  tigbt  loads  than  for  heavy  loads  of  parailel 
kiDpa  up  to  a  certain  point. 

C«rre,  CkanMrteristic,  of  Scries  Trans- 

fiorilier A   curve   so  drawn  that   its 

ordinate  and  abscissa  at  any  point  represent 
the  secondary  electromotive  force  and  second- 
jLiy current  of  a  series-connected  transformer, 
when  the  resistance  of  the  secondary  current 

I      has  a  certain  definite  value« 

I         Ti%^  190  sfacnrs  characteristic  CMnc  of  a  series 

I 


fUg,  t§a*     €Asrmct*rittk  a/ Striu  TroMf/iffrm^r, 


O  a,  11  drawn  perpendicular  to  the 
Kse  itpAUfcuting  the  secondary  current^  and  a  b, 
perpendicular  to  O  a,  represents  the  correspond- 
fog  lecondary  electromotive  force.  The  various 
pQ«itk)a5of  b,  asdiiierent  values  arc  given  to  O  a, 
pnidiioe  the  ciUpdc  curve  which  is  the  charactcr- 
mk  curve  of  the  series  cransformcr. 

**Atcrie»  tiansformcr/*  says  Fleming,  '»with 
ICOffiesafficiailly  large  to  avoid  saturation,  can 
aei«r  be  setf-regulating  if  so  used.  It  can  only 
le  nude  lelf'Tegiilating  with  a  non  saturated  core, 
whoi  workiAg  mev  the  extremities  of  its  charac* 
tCTMlk,  dther  with  m  small  secondary  current 
nr  a  low  clectromotiTe  force.  Both  of  these  con- 
arc  uncommercial.'* 


CiiiT«,  life,  of  Ittcandeseent  Lamp  — - 


— A  curve  in  which  ilie  life  of  an  electric 
lamp  is  represented  by  means  of  abscissas  and 
ordinates  proportional  to  the  life  in  hours  and 
the  candle-power  or  the  volts  respectively. 

Carve,  LogarlthiiiJe A  curve    in 

which  the  rate  of  increase  or  decrease  of  the 
ordinate  is  proportional  lo  the  ordinate  itself. 
On  the  line  O  X,  Fig.  191,  mark  off  the  time 
y— — . ==-9 


Fijf.  rgr*    LffAritkmic  CWrw. 

in  lengths,   reckoned  from  O,     Represent  the 
current  strength  by  lines  drawn  vertically  to  the 

timeline.     Let  O  Y,  equal  C  =  ^ 

Applying  the  electromotive  force,  the  current 
grows  in  the  wire  as  represented  by  the  graphic 
curve. 

According  to  Fleming,  the  growth  of  this  cur- 
rent takes  place  according  to  the  following  law, 
vix.:  "The  current  strength  at  any  instant, 
added  to  the  rate  of  growth  of  the  current  strength 
at  that  instant  multiplied  by  the  time-constant,  is 
equal  to  the  current  which  would  exist  if  induc- 
tion were  zero." 


Cnnre,  Permeability  - 


—A  curve  repre- 
senting the  magnetic  permeabilily  of  a  mag- 
netic substance. 

There  is  a  ccrtmia  temperature  for  every  para- 
magnetic substantc,  at  which  its  permeability  is 
no  greater  than  that  of  air.  This  temperature 
for  iron  is  reached  at  about  750  degrees  C;  for 
nickel,  at  about  400  degrees  C. 

Cmrre,      Siuiple-Hantioiik The 

curve  which  results  when  a  simple-harmonic 
motion  in  one  line  is  compounded  with  \  uni- 
form motion  in  a  straight  line,  at  right  angles 
thereto. 

A  harmonic  curve  is  sometimes  called  a  curve 
of  iunes,  because  the  abscissas  of  the  curve  are 
proportional  to  the  tiracs»  while  the  ordinates  are 
proportional  to  the  sines  of  the  angles,  which  are 
themselves  proportional  to  the  times. 
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-Curves  drawn 


CiiTTes,  Isoehasmeii  — 

on  the  earth's  surface  between  xoncs  having 
equal  frequency  of  auroral  discharges. 

The  isochasmcn  curves  are  nearly  at  right 
angles  to  the  magnetic  roendian, 

CuTTCM,  Magnetic  — —  —Curved  lines 
showing  the  dkection  of  the  lines  of  mag- 
netic  force  in  any  field,  formed  by  sprinkling 
iron  6 lings  on  a  sheet  of  paper  or  glass  held 
in  the  field  of  a  magnet,  and  gently  tapping 
the  support  so  as  to  permit  the  filings  to  prop- 
erly arrange  themselves.  (See  Figures^ 
Magnetic) 


Cut-Iji,  To 


-To  introduce  an  electro- 


receptive  device  into  the  circuit  of  an  electric 
source  by  completing  or  making  the  circuit 
through  it. 


Cttt-Olf,  Aotomattc  Gas 


-A  device 


Cut-Out,  Atttomatic  —Any  device 

that  will  automatically  cut-out,  or  remove,  a 
translating  device^  or  an  electric  source,  from 
an  electric  circuit»   whenever  any   predetcr»J 
mined  effect  is  produced*  1 

Cut-Out,  Automatic,  for  Multiple-Con* 
uevted  Ulectro-Eeeeptlro  Bevi^ea 

A  devnce  for  automatically  cutting  an  electro* 
receptive  device,  such  as  a  lamp»  out  of  the 
circuit  of  the  leads. 

Automatic  cut-outs  for  incandescent  UmpSf 
when  connected  to  the  leads  in  multiple-arc,  con- 
sist of  strips  of  readily  melted  metal  called  safdy 
ftises^  which  on  the  passage  of  an  eicessire  cur* 
rent  fuse,  and  thus  automatically  break  the  div 


for  automatically  cutting  out  the  battery 
from  an  electric  gas-lighting  circuit  on  the 
accidental  grounding  of  the  circuit. 

Unless  the  battery  is  disconnected  from  the  cir- 
cuit on  the  establishing  of  a  ground,  the  battery 
will  polarize  and  «oon  become  useless. 

Cut-Out,  A A  device  by  means  of 

which  an  electro-receptive  device  or  loop  may 
be  thrown  out  of  the  circuit  of  an  electric 
source. 

In  any  system  of  lig^ht  or  power  distribution,  a 
cut  out  is  generally  placed  outside  a  building 
into  which  a  loop  or  branch  of  the  main  cir«.  t 
runs,  so  as  to  perniit  that  loop  or  branch  to  be 
readil  y  disconnected  therefrom .  In  the  same  way 
cut-out  keys  or  switches  are  generally  placed  in 
the  circuit  of  the  loop  and  each  electro- receptive 
device. 

Cut-Out,   Alr-Spaee —A    modified 

form  of  paper  cut-out,  in  which  the  disc  of 
paper  or  mica  is  replaced  by  the  resistance  of 
an  air-space. 

Although  the  resistance  of  an  air-space  i«  so 
high  as  to  be  practically  immeasurable,  yet  it  U 
overcome  or  broken  by  a  much  lower  differ- 
ence of  potential  than  an  equal  thickness  of 
paper  or  mica.  (See  Paik^  Alternative*  Cut* 
Out,  Film,) 


Fig   ig^,    Ceiitn^  Cut  Out, 

cuit   fn    that   particular   branch*     (See    C^tk^ 
Safety.) 

A  form  of  ceiling  cut-out,  made  of  porcelain,  is 
shown  in  Fig.  192,  with  the  two  halves  separated 


to  show  interior  details,  and  fn  Fig,  igj*  with  t 
two  halves  placed  together. 
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dtt-OatY  AatomatlCt  forSeries-Cannected 

El6ctrt»-Reeeptire  Berices A  device 

m'hercby  an  dectro-rcceptive  device,  such 
as  an  electric  arc  lamp,  is,  to  all  intents  and 
purposes,  automatically  cut  out,  or  removed 
£rom  the  circuit,  by  means  of  a  shunt  of  low 
resistance,  which  permits  the  greater  part  of 
tue  current  to  flow  past  the  lamp. 

It  wilt  be  observed  that  the  lamp,  though  still  in 
tlic  circuit,  is  to  all  practical  inU-^nts  cut  out  from 
file  same,  since  the  proportion  of  the  current 
t  now  passes  through  it  is  too  small  to  oper- 

most  series  arc  lamps,  cat<»uts  are  oper- 
I  hy  ineans  of  an  electro -mag  net  placed  in  a 
ni  orcttit  of  high  resistance  around  the  car. 
■•     If  the  carbons  fail  to  properly  feed,  the 
;  ioa«ises  in  length  and  consequently  in  resist - 
More  current  passes  through  the  shunt 
tmtll  finally,  when  a  certain  prcdeter- 
L  limit  fa  reached,  the  armature  of  the  elcc- 
F  tro-nag^ict  is  attracted  to  the  magnet  pole  and 
fliechanicaUy  completes  the  short  circuit  past  the 

In   some  automatic  cut-outs  the  fusion  of  a 
lieaHily  fijsed  wirc^    placed  in    a  shunt  circuit 
^  ar^nna  the  carbons,  permits  a  spring  to  complete 
the  short  circuit. 

The  automatic  cut-out  prevents  the  accidental 
CEtinguiahin^^  of  any  single  lamp  in  a  series  cir- 
cuit from  extingmsliing  the  remainiJig  lamps  on 
Ihdit  circuit. 

Cut-Out*    Automatic     Time  —A 

deirice  arranged  so  as  lo  automatically  cut  out 
m translating  device,  or  an  electric  source,  from 
a  circuit,  at  the  end  of  a  certain  predetermined 
tisiie, 

Cut-Oiit^    Duplex A   cut-out    so 

•nanged  that  when  one  bar  or  strip  ts  fused 
or  melted  by  an  abnormal  current  another  can 
be  tmmedtaiely  substituted  for  it, 

Cttt-Oot,  Film A  cut-out  in  which 

a  ^hn,  OT  sheet  of  paper  or  mica*  is  interposed 
between  a  bnc  plate  and  an  earth  plate,  which, 
when  punctured  by  a  spark,  short  circuits  tlic 
instruments  on  the  line. 

Cat-Ool,    Hain-Line    — An    auto- 

nanc  cut -out  placed  on  the  main  line,     (See 


A  form  of  main-line  cut<ottt  t^  shown  in  Fig, 


\ 


Fig.   tq4*    Main' Lin*  Cmt-Omt* 

194.     The  fuses  are  shotni  as  attached  to  the  fuse- 
block. 

Cut-Otit,  Paper  — A  term  sometimes 

employed  instead  of  film  cut-out,    (Sec  Cut* 
Out,  Fiim.) 

Cut^nl,  Eosette -A  rosette  for  an 

electrolier,  containing   a  cut-out.     (Sec  Ro'^ 
s^tie.) 

Cnt-Out,    Hpring-Jack A     device 

similar  in  general  construction  to  a  spring- 
jack,  but  employed  to  cut  out  a  circuit. 

An  insulated  plug  is  thrust  between  spring 
contacts,  thus  breaking  the  circuit  by  forcing 
them  apart. 

Cut  Out»  T« To  remove  an  elec- 
tro-receptive device  from  the  circuit  of  an 
electric  source  by  disconnecting  or  diverting 
the  circuit  from  it. 

Catting  Lines  of  Force, — (Sec  Force^ 
Lines  of  Cuttmg^,) 

Cycle^^A  period  of  time  within  which  a 
certain  series  of  phenomena  regularly  recur, 
in  the  same  order. 

Cycle,    Magnetic A  single   round 

of  magnetic  changes  to  which  a  magnetizable 
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substance,  such  a^  a  piece  of  iron,  is  subjected 
when  it  is  magnetized  from  zero  to  a  cer- 
tain maximum  ma^etization,  then  decreased 
to  zero,  reversed  and  carried  to  a  negative 
maximum,  and  then  decreased  again  to  zero, 
CyeUeal  ^U^netJe  TariaHaB.— <Sce  Va- 
riaiioUt  Cyc  Heal  Magnetic^ 

Cjflotrape, — A  name  proposed  in  place 
of  transformer  or  converter,  (See  Trans- 
former.) 

Cjlioder,     Vortex A  number   of 

vortex  stream-lines  grouped  parallel  to  one 
another  about  a  straight  line  which  forms  the 
axis  or  core  of  the  vortex. 

Cylindrical  Amuittir^. — (Sec  Armature, 
CyiindricaL) 

Cyllndrlfal  Carlnin  Electrodes.— (See 
Electrodes,  Cyitndrical  Carbon.) 

Cylindrical  Electro-Magnet— (See  Mag- 
mi.  Electro,  Cylindrical,) 


CjUndrkal  Magneto— (See  Magnet,  CyU 

indrical.) 

Cylindrical  Ring  ArmatiEre, — (See  Anrr- 
ature.  Cylindrical  Ring^ 

Cjmc^iie.^ — An  extremely  voiatiJe  liqmd 
which  is  given  off  from  crude  coal  oil  durmg 
the  early  parts  of  its  distillation. 

The  two  liquids  which  are  obtained  from  the 
condensation  of  the  vapors  given  ofT  during  the 
first  parts  of  the  distillation  of  coal  ofl  are  called 
tyma^enCf  and  rhigolcne.  These  liquids  are  em^ 
ployed  on  account  of  their  extreme  volatilitjr  for 
the  artiticisl  production  of  cold* 

Rhigolene  is  employed  by  some  for  the  /r^a/-  j 
ment  or  Jlasking  of  the  carbons  used  in  incafi  - 
descent  lamps.     (See  Carbons^  Flashing  Pr^een  \ 
for.) 

Cystosropy,  Electric  - — -  ^A  name  given 
to  Hitze's  method  of  ocular  eiaroination 
of  the  human  bladder  by  electric  Ulumiaa* 
tion. 


Damped  Magnetic  Needle,— (See  iV>^^/^^ 

Magnetic^  Damped) 

Bamper. — A  metallic  cyUnder  provided  in 
an  induction  coil  so  as  to  partially  or  com- 
pletely sttrround  the  iron  core,  for  the  purpose 
of  varying  the  intensity  of  the  currents  induced 
in  the  secondary. 

The  metallic  cylinder  acta  as  a  screen  or  shield 
foi  the  rapidly  alternating  currents  traversing  the 
field  of  the  primary.  (Sec  Sereening;  Magnetit*) 
As  the  damper  is  pulled  out,  a  greater  length  of 
the  core  is  exposed  to  the  induction. 

0«mper. — A  term  sometimes  applied  to  a 
dash-pol  or  other  similar  apparatus  provided 
for  the  purpose  of  preventing  the  loo  sudden 
movement  of  a  lever  or  other  part  of  a  device* 
{SetDask'PaL) 

Some  form  of  damper  or  dash-pot  is  used  on 
most  ele*:tri€  arc  lamps,  the  upper  carbon  of 
which  is  fed  by  a  direct  falL 

The  double  use  of  tliis  word  is  unfortunate. 

Datn plug.— The  act  of  stopping  vibratory 
motion  such  as  bringing  a  swinging  mag- 


netic needle  quickly  to  rest,  so  as  to  deter- 
mine the  amount  of  its  defleciioa,  without ' 
waiting  until  it  comes  to  rest  after  repeated 
swingings  to  and  fro. 

Damping  devices  are  such  as  offer  ii  litlinil 
to  quick  motion,  or  high  velocities.  Tliose  gen- 
erally employed  in  electrical  apj>aratus  are  ei^er 
air  or  fivid  fricti&n^  obtained  by  pUdng  vanet 
on  the  axis  of  rotation,  or  by  checking  the  move- 
ments of  the  needle  by  means  of  the  currents  it 
sets  up,  during  its  motion,  in  the  mass  of  any  con- 
ducting metal  placed  near  it.  These  curreals,  as 
Lenz  has  shown,  always  tend  to  prodace  motioQ 
in  a  direction  opposed  to  that  of  the  motion  CMi^ 
ing  them.  Bell-ihapii  magnets  are  especially  1 
sui^blc  for  this  kind  of  damping.  (See  M^gmU^ 
Bell  Shaped,) 

The  needle  of  a  galTanometer  is  d^W^^ra/ ^ii1ie«1 
Its  m&munt  fff  inertia  is  so  small  that  its  oscillations  ] 
in  an  intense  field  are  very  quick,  and  the  mifrcr,  ' 
acting  as  a  vane,  causes  the  movements  to  die  o 
very  rapidly,   and  ihe  needle  therefore  moves 
sharply  over  the  scale  from  point  Co  point  and 
comes  quickly  to  a  dead  stop.     When  tlic  needle 
or  swinging  coil  is  heavy  and  moves  in  an  iafeeMT 
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fWW.  ^  in  the  D«pf«i-d*ArsonTal  galvanometer, 
thr  movements  are  dead-beat. 
^     IkuDptn^  by  means  of  pieces  of  indta  rtibbcr  is 
often  applied  to  telephone  dbphragms  to  prevent 
ih«r  caccasivtr  or  continued  vibrution* 

Baaiplit^,  ETeetric A  term  some- 

times  employed  to  express  a  decrease  in 
the  intcnsitj  of  the  electric  oscillations  pro- 
diBOed  in  a  conductor  by  electric  resonance, 
under  cirrumstaDces  where  higher  overtones 
arc  set  up  in  the  conductor, 

iBBAifll^H  Talkie  fell,— (See   Ce/l,    VoU 
[   Dark^pacis  Crookess* (See  Spaa, 
w^rk^  Cr&okes') 
Ihirk-Spacf ,  Faraday's (See  Space, 
t^ark,  Faraday* s,) 

Da^*Pol — A  mechanical  device  to  prevent 
sucftden  motion  in  a  movable  part  of  any 
pparatus. 

The  dash  pot  of  an  automatic  regulator,  or  of 

\  jjc-Luup,  is  provided  to  prevent  too  sudden 

dtsof  the  collecting  brushes  on  the  com- 

■alaiar  cylinder,  or  the  too  sudden  fell  of  the 

ipper  carlioii.     Sach  devices  consist  essentially  of 

l^loooe  fitting  piston  that  moves  through  air  or 

De. 

l^flJb-pob  atre  species  of  damping  devices,  and* 

t  fhe  damping  aJTangcmcnt^  on  galvanometers 

or  magnet  needles,  prevent  a  too  free  luovement 

d^fhe  parts  with  virhich  they  arc  connected.     (Sec 

mftr.    Damping,) 

]lij»  Narnial  Mii^rnotic ^A  day  dur- 

f  which  the  value  of  the  earth's  magnetic 

f>ts  dties  not  vary  greatly  from  their 

r  Yaloc.     (See  Elements,  Magnetic,  of  a 

Hi^  sf  Blstnrlkanee,  Mii^netie — 

A  day  dunng*  which  the  mean  dcpartiire  of 
the  rewlings  of  a  decUnometer  at  any  place, 
from  the  nonrud  monthly  value  at  that  place, 
i^  ooce  and  a  half  the  average.-- (U^i/.) 

Ilvad-Ikai. — Such  amotion  of  a  gah^anom- 
cscr  DcciJlc  in  which  the  needle  moves  sharply 
cwtr  €b»  scale  £nMn  point  to  point  and  comes 
^ttkkif  la  lesL    (See  Damping) 

Bttad'lleat  ]>lBchar^e.^See  Discharge^ 
Dmd*Btat\ 


Bead-Beat    OalTanouieter.— (See  Gahm* 

nometer,  Dcad-Beaf,) 

IJi^ad  Dipping,— (See  Dipping,  Dead,) 
Dead  Earth.— (See  Earth,  Dead  or  TataL) 

Bead  Turng  of  Armature  Wire,  ar  Bead 
Wire.— (See     TurnSt   Dead,  of   ArmcUurt 

Wire,) 

Beath,  Eteclrie   —Death   resulting 

from    the   passage   of    an   electric    current 

through  the  human  body. 

The  exact  manner  in  vrhich  an  electric  current 
causes  death  is  not  known.  When  the  current  is 
sufficiently  powerful,  as  in  a  lightning  Hash,  or  a 
powerful  dynamo  current,  insensibility  is  prac- 
tically  instantaneous. 

Death  may  be  occasioned : 

(I.)  As  the  direct  result  of  physiological  shode. 

(2,)  From  the  action  of  the  current  oa  the  res* 
piratory  centres. 

(3.)  From  the  actual  inability  of  the  nerves  or 
muscles,  or  both,  to  perform  their  functions. 

(4.)  From  an  actual  electrolytic  decomposition 
of  the  blood  or  tissues  of  the  body. 

(5.}  From  the  polarization  of  thoM  parts  of  the 
body  through  which  the  current  passes. 

(6.)  From  an  actual  rupture  of  parts  by  a  dis- 
ruptive discharge. 

Th::  current  required  to  cause  death  will  de- 
pend on  a  variety  of  circumstances,  among 
which  arc: 

(r.)  The  particular  path  the  current  takes 
through  the  body,  with  reference  to  the  vital 
organ  Si  that  mny  lie  in  this  path. 

(1.)  The  freedom  or  absence  of  sudden  varia- 
tions of  electromotive  force. 

(3.)  The  time  the  current  continnes  to  pass 
through  the  body. 

In  some  fatal  cases,  it  is  probably  the  «-/r»- 
eiirrentt  or  the  induced^dirici  iurrfHi  tfn  irenk- 
ingt  that  cau:ies  deatli,  since^  as  is  well  known, 
its  electromotive  force  may  be  many  times 
greater  than  that  ot  the  original  current. 

A  comparadvely  low-potential  continuous -cur- 
rent, cannot,  therefore,  be  properly  regarded 
as  entirely  harmless,  simply  because  its  electro- 
motive force  is  necessarily  small.  In  the  case  of 
alternating  currents  the  danger  increases  after  a 
certain  point  with  the  number  of  alternations  per 
second.  When,  however,  the  number  of  alter- 
nations per  second  reach ^  a  given  number,  the 
danger  decreases  as  the  frequency  of  alternations 
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increases^  This  was  conclusively  shown  by  the 
independent  investigations  of  Tatum  and  Tesla. 

Beealescenco*— A  term  proposed  by  Prof. 
Elihu  Thomson  for  an  absorption  of  sensible 
heat,  which  occurs  at  a  certain  time  during 
the  heating  of  a  bar  of  steeL 

Decalesccnce  will  thus  be  observed  to  be  the 
rcverae  of  rccalescence,  which  is  the  phcnome* 
non  of  the  emission  of  sensible  heat  at  a  certain 
time  during  the  cooling  of  a  heated  bar  of 
sted.     (See  R€caUs£fHce*) 

l>e€.|  (as  a  prefix).— The  one-tenth, 
Becl-Ampi^re,— One-tenth  of  an  amp&re, 
Beci-Ampdre     Bal&nee, — (See    Balance, 
Deci-A  mp^re.) 

De«l-Lnx.— The  one-tenth  of  a  lux.  (See 
Lux.) 

Declination. — The  variation  of  a  mag- 
netic needle  from  the  true  geographical  north. 

The  magnetic  declination  is  cast  or  west,  (Sec 
Heedli^  Afagtutic^  DecHnation  of, ) 

Beellnatton,  An^le  of The  angle 

which  measures  the  deviation  of  the  mag- 
netic needle  to  the  east 
or  west  of  the  true  geo- 
graphical north. 

The  angle  of  variation 
of  a  magnetic  needle.       ^  PqT- 

In  Fig*  195,  if  N  S,  rep- 
resents the  true  north  and 
south  line,  the  angle  of  de- 
cUnation  is  N  O  A,   and  Fig,  iqg,   DtctimUum 
the  sign  0/ the  I'ariaiimtij  ^  N—dU. 

tasty  because  the  deviation  of  the  needle  is  to- 
ward the  east,  (See  Needle^  Magnetic,  DecUna^ 
Hon  if. ) 

Deelinometor. — A  magnetic  needle  suit- 
ably arranged  for  the  measurement  of  the 
value  of  the  magnetic  declination  or  varia- 
tion at  any  place. 

Becompositfon. — In  chemistry  the  separa- 
tion of  a  molecule  into  its  constituent  atoms 
or  groups  of  atoms.     (See  Molecule,    Aiem^ 

Bocom position.  Electric Chem- 
ical decomposition  by  means  of  an  electric  dis- 
chai^ge  or  current. 

This  decomposition  may  result  from  an  increase 


of  temperature  produced  by  the  electric  dlsdiarge; 
or  from  the  passage  of  the  current*  In  the  latter 
case  it  is  more  properly  called  eUctnflytH  dti^m- 
fositian, 

Beeompositlon.  Electric,  CryHtalltzatlon 

by (See   Crystallisation    hy  EUctro- 

lytical  Decomposittan^  ^k 

Be€ompositton,  Electrolytic  —The 

separation  of  a  molecule  into  its  constituent 
atoms  or  groups  of  atoms  by  the  action  of   S 
the  electric  current.  V 

These  atoms  or  groups  of  atoms  are  either 
electro  positive  or  electro-negative  in  character,    h 
(See  EUttrolysis,     Anhn.    Kaikion,)  ■ 

Be-encrglxe.— To  deprive  an  electro-recep- 
tive device  of  its  operating  current. 

Bc-cncrg-lzlng. — Depri\'ing  an  clecUo* 
receptive  device  of  its  operating  current.  ^ 

Beep-Seat^<i  Eddy  Cnrrcnts,— (See  Cur^  ™ 

rents ^  Eddy,  Defp-Seafed,) 

Bi^eji-Wat^^r     Subiuarino     Cable. — (See 

Cable,  Submarine,  Deep*Seai) 

Befiagration,  Electrical ^ The  fusion 

and  volatilization  of  metallic  substances  by  the 
electric  current. 

B«llagrrator,— The  name  given  to  a  voltaic 
batlcr)%  of  small  internal  resistance,  employed 
by  Hare  in  the  electric  deflagration  of  metal- 
lic substances. 

Beflectlon  Method,— (See  Method,  DeJUc- 
iion,) 

Beiection  of  Magnetic  Needle. — (See 
Needle,  Magnet ic^  Deflection  of.) 

Begeneration. — Such  a  degeneration  of  the 
muscular  or  cellular  structure  of  any  cell  or 
organ  that  incapacitates  it  from  p>erf orming  its 
functions. 

Begenemtlon  of  Energy.^ — (Sec  Ener^y^ 
Degeneration  of,) 

BcgcneratloiL,  Partlalr  Ecactlon  of 

— ^That  form  of  alteration  to  electric  stimula- 
tion, in  which  the  nerves  show  no  abnonnal 
reaction  to  electric  stimulation,  while  the 
muscles,  when  directly  stimulattd  by  the  con- 
stant current,  exhibit  the  reaction  of  degen*  I 
eration.     (See    Degenfratian,  Reactiim  ^f^  ' 
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1>cfenerfttl<»ii,   B^acflon    <>f  ^^    — A 

qualitative     and     quantitative    alteration  of 
nerves  and  muscles  to  electric  stimulation. 

According  to  Landois  and  Stirling  the  following 
ccxiditioDi  characlerize  essentially  the  reaction  of 
degeneration :  "  The  excitability  of  the  mtueUs 
is  dimiQLsbed  or  abolished  for  the  faradic  cur- 
r«nt,  while  it  is  increased  for  the  galvanic  current 
from  the  third  to  the  fifty -eighth  day ;  it  again 
diminishes,  however,  with  variations,  from  the 
seventy -second  to  eightiech  day  ;  the  anodic  clos- 
ing contraction  is  stronger  than  (be  kathodk 
dosiag  contraction. "  •  •  •  **The  dinium- 
Hoa  of  the  excitability  of  the  nmttj  is  simitar  for 
the  galvanic  and  faradic  currents/* 

,  Deka  (as  a  prefix).^Ten  times* 

I        Bek^- Ampere. — Ten  amperes. 
^K   Heka-Ampdre    Balance.^(See   Balance, 
^^beJta-Amp^re.) 

^M  He  Ifl  Rno*s  Standard  Toltaic  €eU.'(See 
^fc//,  Voltaic,  Standard,  De  la  Rue's,) 
^»   lltllqiie§ceiiee.— The  solution  of  a  crystal- 
line solid  arising  from  its  absorption  of  vapor 
of  water  from  the  atmosphere^ 

DemagnctLzahle.— Capable  of  being  de* 
prived  of  magnetism. 

lleiiia^etlzailoii«— A  process,  generally  di- 
feclly  opposite  to  that  for  producing  a  magnet, 
by  means  of  which  the  magnet  may  be  de- 
prived of  its  magnetism. 

A  magn;^  may  be  deprived  of  its  magnetism, 
or  be  demagnetized — 
(1.)  By  beating  it  to  redneas. 
(2. )  By  touching  to  its  poles  magnet  poles  of  the 
aine  name  as  its  own. 

ijtj  By  reversing  the  directions  of  the  motions 
by  which  its  magnetism  was  origLnally  imparted, 
if  magnetixed  by  touch,  by  stroking  it  with  a 
vignet  in  the  opposite  direction  from  that  which 
vookl  have  to  be  given  in  order  to  produce  the 
Bafnetiimtion  which  is  to  be  removed  from  it. 

(4')  By  exposing  it  in  a  helix  to  ibe  influence  of 
conmts  which  will  impart  magnetism  opposite  Co 
fiut  which  it  originaUy  possessed. 

Avria  claims  that  a  smaller  magnetizing  force  is 
ftquired  to  demagnetiie  a  needle  than  is  required 
ioiH^etixe  it. 

•nufll^tizatton  of  Wat€hc».^(See 
WiUcket,  Dema£mitiMati<m  o/A 


Bema^netf^e. — To  deprive  of  magnetism. 

Bemagrnetiziiig. — Depriving  of  magnetiza- 
tion, 
Bemareatlon  Curreti  t^(Sce  Currml,  /?^ 

marcation.) 

Hemarcatioii  Surface,— (Sec  Surface,  De- 
marcation^ 

Density,  Electric  —The  quantity  of 

free  electricity  on  any  unit  of  area  of  surface. 

The  density  is  said  to  be  positive  or  negative 
according  as  to  whether  the  charge  is  positive  or 
negative.  (See  Charge^  Density  of.  Ptane^ 
Afagnt'tic  Proof,) 

Deiifilty,  Magnetlo The  strength 

of  magnetism  as  measured  by  the  number  of 
lines  of  magnetic  force  that  pass  through  a 
unit  area  of  cross-section  of  the  magnet,  /.  a, 
a  section  taken  at  right  angles  to  the  lines  of 
force,     (See  Field,  Magnetic.) 

Density  of  Chai^'e.— (See  Charge,  Den- 

sity  of) 

Dennlty   of    Current  —  (See     Current 
Density,) 
Density  of  Field.— (See  Field,  Density  of) 

T>enHtty,  Surface A  phrase  used 

by  Coulomb  to  mean  the  quantity  of  ctec- 
tricity  per  unit  of  area  at  any  point  on  a  sur* 
face.  (Sec  Charge  Density*  Density, 
Electric.) 

Dental -Mallets  Electro-llagrnetic 

A  mallet  for  filling  teeth,  the  blows  of  which 
are  struck  by  means  of  electrically-driven 
mechanism. 

EUcctro-raagnctism  was  first  employed  for  this 
purpose  by  Bonwill,  of  rhOadelphia. 

Bentlpltone.— An  audiphonc.    (SeeyfiwT/- 

ph&ne.) 

De  pedlar  Izatf  on. — The  act  of  reducing  or 
removing  the  polarization  of  a  voltaic  cell 
or  battery.  (See  Cell,  Voltaic,  Polarisation 
of-) 

Depolarize, — To  deprive  of  polarization. 

Depot arlzlngr.^ Depriving  of  polarization* 

Df^polartzing    Flald.— (Sec    Fluid,   Dc 

polarixing*) 
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BeiMfilt,    Blick,    ElDetro-Metidliiti^ieal 

^A  crystalline     variety^    of     electro- 

metallmpcal  deposit*  (See  Dfpostf,  Electro^ 
Metallurgica  L) 

Bepijsit^  Crystalline,  Electro-lletalliiisi- 

cal A    non-adherent,    non-coherent 

film  of  t'ectrolyticaHy  deposited  metal.  (See 
Deposit^  EUctro-Metailurgicat^ 

BpIKkhII,     Eteetro-Mftaltarsriud  — 

The  dq>osit  of  metal  obtained  by  any  dectro- 
metallurgical  process. 

To  obtain  a  good  metallic  deposit  tlie  density 
of  tlie  current  must  be  regulated  according  to  llie 
Strength  of  the  metallic  solution  employed. 

Electro -EDet&nargical  deposits  are  either— 

(I,)  Kf^int,  orflcxitslc,  adhenent  and  strongly 
coberent  metaltic  films,  depiDsited  wUcn  tiather 
&e  current  nor  the  solution  is  too  stron^^;  or^ 

(2.y  CryMiaiHfw;  or  non-adherent  and  non^co- 
KerentdeposUs. 

The  crystalhoe  deposit  may  either  be  of  a  laost^ 
sandy  iharaitrr^  whicb  is  thrown  down  when  too 
feeble  a  current  is  used  with  too  strong  a  metallic 
^ution,  or  it  may  consist  of  a  Mack  depasit,  which 
is  thrown  down  when  the  current  is  too  strong  as 
compared  with  the  strength  of  the  solatioa*  This 
latter  character  of  deposit  is  sometimes  technically 
faBed  3«nf/»^,  and  takes  place  most  frequently 
at  ^arp  oorners  and  cdgc«,  where  the  cmxent 
density  is  ^jeatcst,     (See  Current  Dtyisity^) 

Deposit,  El©etro-MetalInrgieiil  Nodular 

A  coherent,  irregular  electro-metai- 

hngical  dci^>osTt  which  occurs  whenever  the 
carrent  density  falls  below  its  normal  value. 
Beposlt,  Elwtro-Metftllnr^fcal,  lU^nliiie 

A    flexible,    adherent    and   strongly 

coherent  film  of  metal  electrolytically  de- 
posited, (See  Deposit,  Etectro-MetaUur^ 
gtcai:) 

Deposit    Electro'ttetalliirgical,    Sandy 

A  non-coherent  eleclro-metallut^ical 

<kpo^  which  occurs  w!iene\'er  the  current 
density  exceeds  its  normal  vahie. 
Depositing  CelL— (See  Cdi,  Depasiiifig,) 
Depositing  Tat— (See  Vai,  Depositing^ 

Depoffftlon,  El<*f trie —-The  deposit- 

ifig  of  a  substance,  generally  a  metal,  by 
the  action  of  electrolysis.    (See  EUctrafysis.) 


The  eledric  depotitioii  «faj 
ductiB^  sni^e  is  ummtmut  s  catted  ■«  di 
metallur^Gal    depositiaa.        (See     HHttSi 

De9f«i-4*Ar»Mir«l  OftZTAMA»ter.- 

Gahmm9Wi€Ur,  Depreshd'Arstmvai^ 

DedTitiire   Ciiriat— (See    Circt^ 

riuathte)  ^H 

Derircd  Circuit— <See  CircuU.D^n 
DeriTc4  Unit'*.— (See  UniU.  Derfvm 
Bestrnctive  DlstllUtioiL— (See  2>m 

tian^  DesirtuiiZfe,)  -^^ 

Detector    GalTaiioiiidter. — (See  V 

fwmeter.  Detector,) 

Detector,    Orotrnd In    a   ^ 

of  incandescent  lamp  distribution,  a  d 
placed  in  the  central  station,  for  showii 
the  candle-power  of  a  lamp  the  approxi 
location  of  a  grmmd  on  the  system. 

Fig.  196,  shows  a  form  of  ground -deled 
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fig,  tq^,    Grmmi-Dtt§ao^^ 

which  a  small  transformer  is  placed  on  a  tn 
connection  with  a  lamp  and  a  two  way  1^ 
One  terminal  of  the  primary  of  the  tramfioc] 
put  to  ground,  wliile  the  other  can  be  com 
by  means  of  the  switch  tso  one  or  the  otber 
two  primary  mains  of  the  distribuliaa  cj 
Should  an  earth  exist  on  either  main,  thea 
the  testing  transformer  has  its  pole  conned 
the  other  main,  the  lamp  in  its  secotidarf  c 
will  light  up,  providing  the  leak  is  of  Sll^ 
magnitude  to  peiinit  a  suiBcientty  groat  O 
to  pass  through  the  primary  circuit. 

DetorMiott  Bar.— (See  Bar,  Dei^sm 

Dodee,  Eleelr^-Beceptlre — Vi 
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fiGCs   placed  in   an  electHc  circuit,   and 
i  by  the  passage  through  them  o£  the 
trie  current. 

A  translating  device. 

Hie  followiiig  are  among  die  more  important 
dectro-ieceptive  dcvicca*  viz. : 

(1.)  Electro  magnets* 
^^   (a.>  Electric  motors, 
^f    (5.)  Electro -magnetic  stgnai  apparatus. 

(4»)  Tclegriphic  or  telephonic  apparatus. 

(5,)  An  arc  or  incandescent  lamp, 

(6.)  An  declric  heater. 

(7.)  A  plating  bath  or  yoltameter, 

(S.y  An  uncharged  stoca^^c  cell. 

(9«)  A  converter  or  translormcr* 

EuECnto-RECEPTivE  Drvices, 

(r)  Electric  iDotor. 
(a*)  Telpherage  system. 
(3,)  Telephone  receiver. 
(4.)  Telegraphic  apparatus. 
(5,)  Tclephotc  receiver. 

Radiani  Eturgy  ProJmeih 
(6.)  Arc  or  incandescent  elccirk  lampw 
(7.)  Electric  heater. 
(8.)  Hectric  wcMcr, 
(9.J  Lcydca  jar  or  battery. 

Chemical Dtiompasition  Kffectt^ 
(ia>  Electrolytic  bath. 
fil.)  Uncharged  storage  battery. 

Eit€tr^-Mnptftism  Productd* 
(12.)  Electro-ma^net. 

1>^vtce,  Feedlnir,  ^t  an  Are  Lamp  -^  — 

A  device  for  maintaining  the  carbon  electrodes 

I  of  an  Jirc  lamp  at  a  constar^L  distance  apart 
during  their  consumption.  (See  Lamp^ 
lUctric  Arc) 
IVTfc#^  Magnet o-Receptiriv Any 
jlfvtco  that  is  capable  of  being  energized 
when  placed  in  a  magnetic  lield, 
Tb*  tana  magneto-recepttTe  device  19  used  in 
eonnidistiiictioa  to  dectro-receptiye  device,  (See 

Ihtfict  tr  Airaagemf^nt,  Electraaiothe 
—  — ^A  tcrtn  sometimes  empk^yed  instead 
fi(  an  dectrtc  souniep    (See  Smrt^^  Slictric, 


B«Tloe«  safety,  to  Arc  Lamps,  or  Series 

Circuits — Any  mechanism  which  auto 

raaiicaUy  provides  a  path   for  the  current 

around  a  lamp,  or  other  faulty  electro-recep- 
tive device  in  a  series  circuit,  and  thus  pre- 
vents the  opening  of  the  entire  circuit  on  the 
failure  of  such  device  to  operate,  (See  Lamp^ 
Electric  Arc.) 

Derlci^,  Safety,  for  Multiple  Circuits 

—A  wire,  bar,  plate  or  strip  of  readily 
fusible  nietal,  capable  of  conducting,  withotit 
fusing,  the  current  ordinarily  employed  on  the 
circuit,  but  which  fuses  and  thus  breaks  the 
dnctiit  on  the  passage  of  an  abnormally  great 
current. 

The  terms  Sftfeiy-tatch^  safHy.plu^^^  safety* 
ttrip  and  safety -fuse  arc  also  used  for  this  safe^ 
device.     (Sec  Fme^  Safety,) 

Berfee,  Tmnslaflngr A  term  em* 

bracing  electro-receptive  and  magneto-recep- 
tive devices,  (See  Detnce,  Eiectro-Recep* 
tive,)  ' 

Translating  devices  are  placed  in  an  dcctric 
drciMt^  and  when  traversed  by  the  current  effect 
a  change,  or  translation  in  the  form  of  the  dectrtc 
energy  whereby  useful  work  13  accomplished. 

Translating  devices  depend  for  their  cperadJon 
on  the  luminous,  heating,  magnetic,  or  chemicii 
cfTccls  of  the  current. 

Devices,     Flectro-ReccptiTe,     Multiple- 

Connected A  connection  of  electro* 

receptive  devices,  in  which  the  positi\^  poles 
of  a  number  of  separate  devices  are  all  coi^* 
nected  with  a  single  positive  lead  or  conduo 
tor,  and  the  negative  poles  all  connected  with 
a  single  negative  lead  or  conductor. 

The  mu!tiple-arc-connection  of  cJcctro  recepti?e 
device*  IS  suitable  iot  cons tani pi>(entt at ci rants ^  or 
tho!»e  m  which  the  electramotive  force  ts  raauw 
taincd  approximately  constant.  Jn  such  circnitS 
the  ener'^y  absorbed  by  each  device  will  tncreaae 
as  Its  resistance  decreases,  smce  the  energy  ab- 
sorbed IS  proportional  to  the  cnrrcni  passB^ 
(See  Cirri^/li,  Varutus  0/,) 

5  lal  ti  ple^arC'Connected  circtro-recepti  ve  devices 
are  cmptovcd  in  mcaodcaeent  lamp  dntributKiB, 
Each  device  added  ledtices  the  reastancc  of  the 
entire  circuit* 
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DeYlces,Electro-R©ceptife,lttiiltiple-Arc- 
Caniiected  — ^*  ^A  term  used  in  place  of 
muliiple-connected  electro-receptive  devices. 
(See  Devices,  EUctro-Rectptrue^  MultipU'^ 
Connected^ 

Berlces,    Electro-ReceptiTei     Multlple- 

SerieH'Coaiiectetl -A    connection   of 

electro-receptive  devices  in  which  a  number  of 
separate  electro-receptive  devices  are  con- 
nected in  groups  in  series,  and  each  of  these 
separate  groups  altenvards  connected  in  mul- 
tiple-arc. 

Tlie  multiple-series  cotmection  permits  electro- 
receptive  devices  to  be  placed  on  miins  whose 
electromotive  force  would  be  too  high  to  permit 
a  single  service  to  be  connected  directly  to  them. 
It  is  of  great  value  in  the  distribution  of  iDcandes* 
cent  lamps  by  constant  currents,  since  by  per- 
mitting a  higher  electromotive  force  to  be  cm- 
ployed  on  the  main  conductors,  it  reduces  the 
dimensions  of  the  conductors  required  fejr  the 
economical  distribution  of  the  current*  (See 
Circuits^  Varieties  cf, ) 

DeTlces,  Electro-Receptlre,  Series-Cott* 
liect^d The  connection  of  electro- 
receptive  devices  in  which  the  devices  are 
placed  consecutively  in  the  circuit,  so  that  the 
current  passes  successively  through  all  of 
them  from  the  first  to  the  last. 

The  series-connection  of  electro-receptive  de- 
vices is  suited  to  constant -atrrtnt  circuits.  The 
work  done  in  the  device  is  developed  by  the  fall 
of  potential  in  each  device.  This  kind  of  con- 
nection is  used  in  most  systems  of  arc  light  and 
telegraphic  lines.     (See  Circuits,  VarUtUs  of.) 

Derices,   Electro- Receptive,  Scrie^-Mul- 

Uple^Conaected •  ^A     connection    of 

electro-receptive  devices  in  which  a  number 
of  separate  electro-receptive  devices  are  joined 
in  separate  multiple  groups,  and  each  of  these 
groups  subsequently  connected  with  one  an- 
other in  series. 

The  effect  of  series-multiple  connections  is  to 
split  up  the  current  into  %  number  of  separate 
Ctirrents  of  smaller  strength,  but  of  the  same 
electromotive  force^  It  i%  appbcable  to  such  cases 
as  the  combination  of  arc  and  incandescent  lamps 
in  the  same  circuit.    (See  drauts^  Varieties  of,) 

nericeis,      Transtattn?,      ltiiltlple>Ca]i> 


nected A  term  sometimes  used  for 

multiple-connected  electro-receptive  devices, 
(See  Devices,  KUctn^-Receptive,  Muitiple* 
Connected^ 

Derice%  Translating^,  MalUple-Are-€oii^ 

nected  — ^A  term    used    in    place   of 

multiple-connected  electro-receptive  devices, 
(Sec  Deifices,  Ekctro-Receptive^  Multiple^ 
Connected) 

DeTices,  Translating',  M alt  1  pie-Serf «• 
Connected  —^  ^A  term  sometimes  used 
instead  of  multiple-series^connected  cfcciro* 
receptive  devices.  (See  Devices,  Eleciro^ 
Receptive^  Multiple^Series-Connected) 

Devices,  Translatlngr,  Series-Connected 
A  term  sometimes  used  for  series- 
connected  eIec*ro-receptive  dences.  (See 
Devices^  EUdra  •  Receptive^  Series  ^Con^ 
nected) 

Devices,    TranHlatlngr,    Series-Multiple* 

Connected A  term  sometimes   used 

for  series-multiple-connected  electro-recep* 
live  devices,  (See  Devices.  Electro^Recep* 
live,  Series-Muifiple-Connected) 

Dexlrorsal  Helix.— (See  Heiix,  Dex* 
iror^al) 

Dextforsal  Solenoid. — (See  Solenoid,  Dex* 
f tarsal) 

Diacritical  Current — (See  Current^  Dim* 
critical) 

Diacritical  Namb&n— (SeeiVki/w^rr,  /?/j* 
critical) 

Diacritical  Point  of  Mu^netlo  S«titni- 
tion.— (See  Saturation,  Magnetic.  DiacrU^ 
ical  Point  of) 

Diagnosis,  Electro.— Diagnosis  by  means 
of  the  exaggeration  or  diminution  of  the  re- 
action of  the  excitable  tissues  of  the  body 
when  subjected  to  the  var>ing  influences  of 
electric  currents. 

The  electoic  current  has  also  been  applied  in 
order  to  distin^ish  l)etwecn  forms  of  paralysis, 
and  as  a  final  test  of  death. 

Diagno'Stlc,  Electro — Pertaining  te 

electro-diagnosis.     (See  Diagnosis.  E/eciro) 

Bloarometer,  Ronsseaa^ An  ap- 
paratus m  which  an  attempt  ts  made  la 
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determine  the  chemical  composition  and  coi*- . 

equcnt  punly  of  certain  substances  by  thdr 

JectncAl  conducting  powers. 

The  arrangement  of  the  apparatus  is  shown  in 
Fig.  197,    A  dry  pile.  A,  has  its  negative,  or  — 


ectcd  1 


m',  g'fouaded.    Its  positivet  or  +  ter- 
I  ta  connected  to  a  delicatety  supported,  and 
diglidy  niagnetJied  needle,  M,  termina^ted  by  a 
cting  plate,  L,   Opposite  L,  and  at  the  same 
n,  is  a  fixed  plate  of  slightly  larger  size.    The 
die  M,  when  atrestinthe  plane  of  the  magnetic 
ridian,  is  in  contact  at  L,  with  the  fixed  plate. 
I  therefore^  the  upper  plate  of  the  pile  is  con* 
i  with  the  needle  M,  lx>th  plates  are  similarly 
ged  and  repulsion  takes  place,  the  needle 
Bg  to  rest  at  a  certain  distance  from  the  fixed 
ate. 

The  substance  whose  purity  is  to  be  determined 
if  placed  in  the  cup  G,  which  is  connected, 
ttkrottf  h  L,  with  the  fixed  plate.  A  branch  wire 
from  the  ^  terminal  of  the  pile  is  then  dipped  into 
the  Bubstance  in  G,  and  its  purity  determined 
firooi  the  length  of  time  required  for  the  two  plates 
at  L,  to  be  t  ischarged  through  the  material  in  G, 
It  is  claimed  that  the  instrument  will  detect  the 
difierence  between  pure  coffee  and  chicory  Its 
practical  appUcationf  however,  is  very  doubtfiil. 

Diagrani^       TliermoEliM^tHc   —A 

dagrann  in  which  the  thermo-electric  power 
between  different  metals  is  designated  for 
different  temperatures. 

The  differences  of  potential,  produced  by  the 
vere  contact  of  two  metals^  varies,  not  only  with 
t}»c  kind  of  metab,  and  tlie  physical  state  of  each 
»cul,  but  alio  with  their  temperature.  This 
dificrrnce  of  potential,  maintained  in  conse- 
famce  of  the  difference  of  temperature  between 
Ihe  junctions  of  a  thermo^elictric  €ouph^  is  ap- 
pminifttely  proportional  to  the  differences  of 
iHBpenliire  of  these  junctions,  if  these  differences 
arc  not  grat,  lad  is  equal  to  the  product  of  such 


di  fferences  of  tem  perature  and  a  number  depend  en  t 
on  the  metaU  in  the  couple.  This  number  is 
called  the  ihirm&^Uetris  prntfer^  (See  Coupt^ 
Thermo^EUctric^  TfurmQ'  EUctrie  Power, ) 
In  Fig.  198  (after  Tait)»  the  thermo*electrie 
QOtf   fo*>  ian>  ifiip«  s(vo>  iioof  loo^f  wp*  «io<»«  «M>^ 
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Fig    tgS.     Thfrmo^EUcirk  Dtagrrmm. 

power  is  shown  between  lead  and  iron,  and  lead 
and  copper.  The  numbers  at  the  top  of  the  table 
represent  degrees  of  the  centigrade  thermometer. 
Those  at  the  sides  represent  the  differences  of 
potential  m  murozo/fs. 

The  thermo-electric  power  of  the  copper-iroii 
couple  decreases  from  the  freeiing^  point  of  water, 
O  degrees  C.^  to  a  temperature  of  274.5  <iegree3 
C,  when  it  becomes  zero.  Beyond  tha*^  temper- 
ature the  thermo-electric  power  incre?  -es,  but  in 
the  opposite  direction.  The  point  at  which  this 
occurs  is  called  the  nrutralpi^int. 

Dial  Telegrraph.— (See  TeUgraphy,  Dial) 

Dialysis,— The  act  of  separating  a  mixture 
of  crystalloids  and  colloids  by  diffusion 
through  a  membrane. 

If,  for  example,  the  contents  of  a  stomach »  tn  a 
case  of  suspected  poisomngi  be  placed  in  a  vessel^ 
the  bottom  of  which  is  formed  of  a  sheet  of 
parchment  paper  and  floated  in  water,  the 
crystalloid  or  substances  capable  of  crystallii 
ing,  will  pais  mto  the  water  and  the  colloid,  an 
uncrystallized  ielly-hke  substance,  will  remain  m 
the  vessel.  This  process  has  been  used  to  detect 
the  presence  of  poison  in  the  stomach  in  post- 
mortem cases. 

DlamaiTuetlc,— The  property  possessed  by 
substances  like  bismuth,  phosphoruj,  anti* 
mony.  zinc  and  numerous  others,  of  being" 
apparently  repelled  when  placed  between  the 
poles  of  powerful  magnets 

When  diamagnetic  substances  in  the  form  of 
rods  or  bars  are  placed,  as  in  Fig,  199,  between 
the  poles  of  a  powerful  electro- magnet,  they 
place  themselves  at  right  angles  to  the  pol^,  or 
arc  apparendy  repelled, 

Paramagmftc  su^siatues  like  iron  or  steel,  on 
thecontrary^  come  to  rest  under  similar  circtttn- 


Fit-  ^QO    IW*^i  ¥ ^^* 
matmtiitm. 


Stances  in  a  straight    line  joining  tlie  poles^   at 
hght  angles  to  the  position  shown  in  Fig.  it^ 

Paramagnetic  »ub$tancc»  are  sometimes  called 
ferro'tnagmHic^  or  substances  magnetic  alter  tlie 
manner  of  iron.  This  word  is  unnecessary  and 
ilUad vised*  The  term  sidm^.magiutic^  which  has 
also  been  proposed  in  place  of  paramagnetic,  is 
also  unneces^ry* 

Paramagnetic  substances  appear  to  concentrate 
the  lines  of  magnetic  force  on  them;  that  is,  their 
magnetic  resistance  is  ^^ 

smaller  than  thit  of  the 
air  or  other  medium  iu 
which  the  magnet  is 
placed.  They,  there- 
Jbre,  come  to  rest  witli 
their  greatest  dimen- 
sions  in  the  direction  of 
the  lines  of  magnetic 
force. 

Diam«vgnctic  sub- 
stances appear  to  have 
a  greater  nagnetic  re- 
sistance th>m  that  of 
the  air  around  them. 
They,  therefore,  come 
to  rest  with  their  least 
dimensions  in  the  direction  of  the  tines  of 
netic  force. 

The  difference  between  paramagnetic  and  dia- 
magnetic  substances  is  generally  belie \red  to  be 
due  to  the  varying  resistance  these  substances 
thus  otTer  to  lines  of  magnetic  force  as  compared 
with  that  oflcrcd  by  air  or  by  a  vacuum. 

Tyndall  cornea  to  the  conclusion  as  the  result  of 
eiitended  experimentation;  **Tbat  the  diamag 
netic  force  is  a  polar  force,  the  polarity  of  dia- 
magnetic  bodies  being  opnased  to  that  of  para- 
magnetic on^  under  the  same  conditions  of 
excitement," 

This  view,  however,  i&  not  generally  accqited 
by  scientists. 

Diamaj^netism  isaUo  possessed  by  certain  liquid 
and  gaseous  substances. 

Biamo^netic    Polarity.— {See    Folariif, 

Diamagnttic^ 

Btama^cilcally.— In  a  diamagnetic  man* 
ncr. 

Dlaiiiii^erneiism* — A  term  applied  to   the 

magpnetisnn  of  diamagnetic  bodies,     (See  Dia^ 
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BiamacrnctlSTit,  Weber*8  TUeory  of  ^»« 
— A  theory  to  accoont  for  the  phenomena 

of  diamagnetism, 

Weber's  theory  of  diamagnetism,  UWc  Ampere's 
theory  of  magnetism,  supposes  that  tnagnetic 
substances  consist  of  originally  magnetized  mole- 
cules or  atoms,  and  tiiat  the  act  of  magnetizatioo 
consists  of  polarizing  these  atoms  or  molecules, 
or  turning  them  in  one  and  the  same  directioii* 
That  the  original  condition  of  the  molecules  or 
atoms  is  probably  due  to  the  passage  of  electncity, 
which  continually  drcubtcs  through  their  mass, 
the  atoms  being  supposed  to  posaeM  perfect  con* 
ductivity. 

Suppose  the  substance  through  whose  mok' 
cules  or  atoms  these  currents  are  flowing  be 
immersed  ixt  a  magnetic  field*  All  of  the  mole- 
culei  or  atoms  which  can  turn  so  as  to  look  aloog 
lines  of  force  in  the  right  direction  wiii  have  the 
current  flowing  in  them  thereby  weakened  so  long 
as  they  remain  m  the  Beld.  VMien  drawn  cnit  at 
it,  however,  these  currents  wilt  regain  their  noc* 
mal  strength. 

Suppose  now  the  case  of  a  substance*  in  which 
the  currents  are  normal  but  weak*  immersed  in  a 
sirong  magnebc  field.  There  may  thereby  bt 
eiiected  a  complete  reversal  of  the  direcUon  ol 
these  currents,  and  others  may  be  proJaced 
which  flow  in  the  opposite  direction,  and  which 
will  continue  so  to  flow  as  long  as  the  subMsoGO 
remains  in  the  field.  Such  cturents  would  tliem 
be  sufficient  to  explain  the  phenomena  of  diamaf  • 
netic  action. 

An  electric  current  produced  in  a  Ofcuit  near 
which  a  momentary  current  of  electricity  is  sud' 
dcnly  brought  has  now  the  opposite  direction  to 
that  which  produces  it,  and  this  roomentanr  cur- 
rent would  tend  to  produce  repulsion*    \Vlica» 

too*  tlie  dreuit  is  drawn  out  of  the  netghborlMoC 
in  which  another  current  is  flowing,  anoil&er  nfr 
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001117  cun«Qt  fs  prodticed  m  the  smtne  direc* 
ticMi*    This  produces  ^ttiiicboD. 

|3ov«  regardmg  the  same  phcoomeni  from  the 
^Iftndpoint  of  lines  of  magnetic  forcCi  when  a 
conductor  through  which  a  current  is  passing  is 
plioedina  magnetic  field,  any  increase  in  the 
■tuber  of  Unesof  magnetic  force  paisstng  throng^h 
il  tends  to  move  the  conductor  oat  of  the  ma^nebc 
ield,  vhOe  any  decrease  in  the  number  of  lines 
of  jqrcc  tends  to  move  the  conductor  into  the 
field.  To  experimentally  show  the  attraclions 
AAd  repuldons  produced  hy  magnetization  or 
dcffl&^netizationf  the  following  apparatus  may  be 
CBpIoyed: 

A  stoat  disc  of  copper.  Fig.  200>  is  supported 
^aKorizontal  arm  in  the  position  shown  in  front 
of  lihepole  of  a  powerful  electro- magnet,  ^lien 
flu  current  Is  sent  through  the  electro-magnet  the 
jisc  of  copper  is  repelled  from  the  magnetic  pole. 
When  the  magnetism  is  being  destroyed  by  the 
opem^  of  the  circuit  and  by  the  weakening  of 
the  canent,  the  copper  disc  is  attracted* 

HilBMiirnetoiueter.^An      appanitits    de- 

I  s^d  for  s tud jing  diamagne tisra,    (See  2>/a- 

The  apparatus  for  the  study  of  paramagnetism 
|BDenlly  receives  simply  the  name  of  magnet* 
anekr. 

BUttif  nets.  ^  Dtamagnetic  substances 
subjected  to  magnetic  iuduction  and  formerly 
calkd  diamagtiets  in  contradistinclion  to  or- 
(&iaf]r  magnets. 

Diamagnets  are  supposed  by  some  to  posses  a 
polarity  the  same  as  that  of  ihe  inducing  pole» 
instead  of  the  opposite  polonty,  as  in  paramagnetic 
nbftuces.    (See  Diamagnfiism* ) 

BUphlngnL, — A  sheet  of  some  solid  sub* 
stance,  generally  elastic  in  character  and  cir* 
cukr  in  shape,  securely  fixed  at  its  edges  and 
capable  of  being  set  into  vibration. 

The  ncdviMg^  diaphragm  of  a  telephone  is 
generally  a  thin  plate  or  disc  of  iron,  6xed  at  its 
edgcsi  placed  near  a  magnet  pdle  and  set  into 
tihnlion  by  Tariations  id  the  magnetic  strength 
of  tbepote,  due  to  Tariadoins  in  the  current  that 
is  ptaed  over  the  li  n  e. 

The  transmitting  diaphragm  of  the  telephone 
^of  a  phonograph,  consists  of  a  plate  fbced  at  its 
«dgcs  and  set  Into  ribration  by  the  sound  waves 
•teikiBtit. ^ 


Diaphragm.-- A  terra  sometimes  employed 
for  a  plate  form  of  porous  cell 

DUpkmgui  Currents.— (See  Cnrrmis, 
Diaphragm,     Celh  Ptfrmts^ 

Dlaplirngm  af  Toltalc  CclL — A  term 
sometimes  used  for  the  porous  cell  of  a 
double  fluid  voltaic  cell  when  in  the  form  of 
a  plate. 

0ice-Bi»x     lj]fittlat4ir.^(5ee     Inmlatcr, 

lUeleftric. — A  substance  which  permits 
induction  to  take  place  through  its  mass. 

This  word  \^  sometimes,  but  improperly,  writ- 
ten Di-ElecLric. 

The  substance  which  separates  the  opposite 
coatings  of  a  condenser  is  called  the  dielectric. 
Ali  dielectrics  are  non-conductors. 

All  non-conductors  or  insulators  are  dielectricSi 
but  their  dielectric  power  is  not  exactly  propor- 
tional to  their  non-conducting  power. 

Substinces  differ  greatly  in  the  degree  or  ex- 
tent to  which  they  permit  md action  to  take  place 
through  or  across  them.  Thus,  a  certain  amount 
of  induct tve  action  takes  place  between  the  insu- 
lated metal  plates  of  a  condenser  across  the  layer 
of  air  between  them. 

A  dielectric  may  be  regarded  as  pervious  to 
rapidly  reversed  periodic  currents,  but  opaque  to 
continuous  currents.  There  is,  however,  some 
conduction  of  continuous  currents. 

According  to  Swinburne,  there  are  three  species 
of  conduction  that  may  take  place  in  ihelectrics, 
alt  of  which  produce  a  heating  of  the  dielectric^ 
viz.; 

(I.)  Metallic  Conduciiant  f.  ^,,  such  a  conduc- 
tion as  takes  place  m  a  metal.  This  kind  of  con- 
duction arises  from  the  presence  of  metallic  par> 
tides  cmljedded  in  the  dielectric. 

(2.)  Disrttptlz>e  Conductions  or  a  momentary 
current  accompanying  a  disruptive  dischargr. 

(3,)  Eicctroiytic  Condrntion^  or  that  kind  ol 
conduction  which  accompanies  the  electrolysis 
of  a  conductor.  This  kind  of  conduction  may 
take  place  in  some  kinds  of  glass* 

Faraday  regarded  the  dielectric  as  the  true  scat 
of  electric  phenomena.  Conducting  substances 
he  considered  as  mere  breaks  in  the  continuity  of 
the  dielectric.  This  is  the  view  now  generally 
held* 

Blelectrio  Capacity.— (See  Capacity,  Df* 
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Bielectrio     Constant — (See     Constant, 
Dukctric^ 
l>!f»le<'trio  Bensity  of  a  Gas*— (See  Gas^ 

DUkciric  Density  of^ 
Dielectric »    Polarisation    of  —^  — A 

molecular  strain  produced  in  the  dielectric  of  a 
Leyden  jar  or  other  condenser,  by  the  attrac* 
tion  of  the  electric  charges  on  its  opposite 
faces,  or  by  the  electrostatic  stress*  (See 
Strain^  Dichciric^ 

A  tenn  formerly  employed  in  place  ol 
electric  displacement. 

Faraday,  in  his  study  of  the  action  of  induction, 
in  denying  the  possibility  of  action  at  a  distance, 
thought  that  the  dielectric  througli  which  indue < 
tion  takes  place  was  polarized,  and  that  in  this 
way  the  induction  was  transmitted  across  the 
intervening  Epice  between  the  inducing  and  the 
induced  body,  by  the  action  of  the  contiguous  , 
particles  of  the  dielectric. 

The  polarisation  of  the  glass  of  a  Leyden  jar, 
and  the  accompanying  strain,  arc  seen  by  the 
frequent  piercing  of  the  glass,  and  by  the 
nsidual  charge  of  the  jar.  (See  Charge^  Jits  id* 
uat.) 

DEeleelrie  Beslstance*— (See  Hesistanci, 
Di£kctrtf,) 

Dielectric  Strain,— (See  Strain,  DieleC' 
inc) 
Dielectric  Stren^tli  of  a  Oa&— (See  Gas, 

jy/t/trtr/c  S/rtftgi/i  o/\) 
Dielectric   Stress.— (See   Stress^  Diekc- 

Difference  of  Potent iaL~(See  PoUntiai, 
Difference  of,) 

Differential  Electric  Bell.— (See  Belt, 
Differential  Stectric.) 

Ditferential  GalTanometer,^(See  CaU 
vanometer.  Different  in! )i 

D  iffer e  nt  i  al  Induct  ometer. — (Sec  Induc' 
tameter.  Differential.) 

Differentia!  Method  of  Duplex  Telega. 
rtphy.— (See  Telegraphy,  Duplex,  Differ* 
cniial  Method  of.) 

SiiferentM  Belay.— (See  Relay,  Differ^ 
entifJ.) 

Deferential  Thermo-PUe,— (Sec  Pile, 
Tk.^^m0t  DiffertniiaL) 


Differential  Toltameter.. — (Sec   Vcltam' 
eter,  Siemens'  Differential^ 
Differentially    Wound     Motor. «~  (See 

Motor  Differentially  Wound.) 

Diinigion,  AniMlal A  term  applied 

to  the  mtioduction  of  any  drug*  into  the  human 
body  by  electricity. 

The  cataphoretic  introduction  of  drugs 
into  the  body,    (See  Catapkoresis,) 

A  sponge  or  other  sim^ilar  electrode,  saturated 
with  a  solution  of  the  drug,  i5  connected  with 
the  anode  of  a  source  and  placed  over  the  pari 
to  be  treated  and  its  kathode  connected  to 
another  part  of  the  body  in  a  nearly  diroct  lioa 
with  the  anode  and  the  current  passed. 

Diffiiskn  Creep.— (See  Creep  Diffmim^ 

DiffttHlon  of  Electric  Carre&t--(Se« 
Current,  Diffusion  of } 

Diff^islon  of  Iiineg  of  Force.— (See  F&rc§, 
Lines  of  Diffusion  of.) 

Dimensions  of  Acceleration* — (See  A(* 
celeration,  Dimensions  of) 

DImenslonsof  Unit&— (See  Units,  Dimen* 
sions  of^i 

Diminished  Eleetrlc  IrrltahllHj.— (See 
Irritability,  Electric,  Diminished:^ 

Di miner —A  choking  coil,  employed 

in  a  system  of  distribution  by  converters  or 
transformers,  for  reguilating  the  potential  o£ 
the  feeders. 

The  dimmer  consists  essentially  of  a  choking 
coil  wound  around  a  laminated  ring  of  soft  iron. 


and  provided  with  an  envelope  of  heavy  copper. 
The  copper  ring,  by  its  position  as  regards  the 
choking  coilt  adjusts  or  regulates  the  self-induc- 
tion of  the  coil,  and  consequently  regulates  the 
potential  of  the  feeders*  The  dimmer  is  used  in 
theatres  or  simiiar  situations  to  turn  the  hghts  op 
or  down. 


The  reaclioa  coil  or  dinmier  is  shown  in  Fig. 
Ifoi,     The  choking  coil  is  wound  on  a.  ring  of 
iron.     The  copper  sheath  is   iurnkhed  with  a. 
handle    to  permit    its    position    to   be   readily 

■  (h^Dgcd  with  respect  to  the  coil  of  insubted  wire. 
A  Ixroinalcd  iron  drum  is  supported  on  bearings 
inside  the  ring.  WTien  the  sheath  is  over  the 
coil,  the  coil  offers  but  a  small  resistance  to  the 
posSAge  of  the  current.  When  away  from  it  the 
idf-inductioQ  of  the  coil  is  increased. 

|]>lo|itr0. — A  unit  of  refracting  power. 
A  lens  of  one  dioptre  has  a  focal  lengtli  of 
<ine  metre.     One  of    two  dioptres  has  a  focal 
length  of  50  centimetres;  one  of  four  dioptres 
»5  centimetres.       This  is    also  spelled  dioptry, 
0ioptrlc.— Relating  to  dioptrics. 
I>ioptrles,— The  science   which  treats  of 
the  refraction  of  light. 
0l0ptr7. — A  word  sometimes  used  for  di~ 
^pirf,     (Sec  Dioptre:) 

Dip,  Ma^ettc The  deviation  of  a 

magnetic  needle  from  a  true  horizontal  posi- 
tion. 

The  inclination  of  the  magnetic  needle  to^ 
m-ards  the  earth. 

The  magnetic  needle  shown  in  Fig.  202,  though 


^If.  tot,    Amgh»/ Dip. 

^^  kt  Its  centre  of  gravity,  will  not  retain 

ttefkfiUCKl  position  in  aU  places  on  the  earth's 


In  the  northern  hemisphere  its  n&rth^setkmg 
end  will  dip  or  incline  at  an  angle  B  O  C,  called 
the  <mgU  (»/■  dip*  In  the  southern  hemisphere 
its  south  seeking  end  will  dip. 

The  cause  of  the  dip  is  the  unequal  distance  of 
the  magnetic  poles  of  the  earth  from  the  poles  of 
the  needle. 

The  map^tic  fquah^r  is  a  circle  passing 
around  the  eatth  midway  (in  intensity}  between 
the  earth*s  magnetic  poles.  There  is  no  flip  at 
the  magnetic  etjuator.  At  either  magnetic  pok 
the  angle  of  dip  is  90  degrees. 

BIp,  or  Inellnation,  An^le  of 

The  angle  which  a  niagnelic  needle^  free  to 
move  in  both  a  vertical  and  a  horizontal  plane, 
makes  with  a  horizontal  line  passing  through 
its  point  of  support. 

The  angle  of  dip  of  a  magnetic  needle. 
{See  Inclination,  Angle  of) 

Diplex  Tele^rapli}.— (See  Telegraphy, 
DipUx.) 

Dipping*— An  electro-metallurgical  process 
whereby  a  deposit  or  thin  coating  of  metal 
is  obtained  on  the  surface  of  another  metal 
by  dipping  il  in  a  readily  decomposable 
metallic  salt. 

Cleansing  surfaces  for  electro-plating  pro- 
cesses by  immersing  them  in  various  acid 
liquors. 

Dipping',  Bright Dipping  in  acid 

liquors  for  the  purpose  of  obtaining  a  bright 
electro-metallurgical  coating. 

Dipping  Circle*— (See  Circle,  Dipping.) 

Dipping,    Dead  • — Dipping    in    acid 

liquors  for  the  purpose  of  obtaining  a  dead  or 
unpolished  surface  on  an  electro-metallurgical 

coaling. 
Dipping,    Elei'tra-.ltetnUurgrical 

A  pr^icess  for  obuining  an  electro- metallur- 
gical deposit  on  a  metallic  surfctce  by  dipping 
it  in  a  solution  of  a  readily  decomposable 
metallic  salt. 

A  bright,  polished  iron  surface,  when  simply 
dipped  into  a  solution  of  copper  snip  bate,  re- 
ceives a  coating  of  metallic  copper  from  the  elec* 
trolytic  action  thus  set  up. 

This  process  is  known  technically  as  dippi$tg. 
The  term  dipping  is  also  used  in  electro  mctaU 
lurgy  to   indicate    the  process  of  cleaning  the 
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iiticlcSf  ihakt  are  to  be  electro- plated,  by  dipping 
them  In  various  ^id  or  alkaline  baths. 

Direct  Current— (Sec  Current,  Direct^ 
Ilirf«t-€vT«nl     E]o<;tric    Xotor.— (See 
Motar,  Eiectric^  Direci-€urr€fii,\ 

Direct  Eloctromotivo  Force.— (Sec  For€i^ 
EUctr&metive,  Direct:) 

Direct  Excitation, — (See  ExcUaiion^ 
Dir€€L\ 

lllreet-Indtiet'd  Current — ^(See  Cummt^ 
'iiri'ct'lH  limtd) 

iTv*%  or  Break-ludnced  Cnrreat        ■ 

— {Sec   Cnrrenit  Direct,    Curreni,  Break* 

Induced.) 

Direct  Working.— {See  IVarkin^,  Direct.) 

Direction,  Nefative,  of  Eleetrieal  Con- 

TeetioTi  of  Heat A  direction  in  which 

heat  is  transmitted  through  an  unequally 
heated  conductor  by  cleciric  convection, 
during  the  passage  of  electricity  through  the 
conductor,  opposite  that  of  the  current.  (See 
Hea^,  Electric  Convection  qf.) 

Dirfftlun  of  Lines  of  Force,— (Sec /^r^r^, 
Lint's  of.  Direction  of.) 
Dirf^tioti,  PositiTe,   of  Electrical  Con- 

rection    of    float A    direction    in 

which  heat  is  transmitted  through  an  un- 
equally heated  conductor  l>y  electric  convec- 
tion, during  the  passage  of  electricity  through 
the  conduclor.  the  same  as  that  of  the  cur- 
rent    (Sec  Heat,  Electric  Canvection  of.) 

IMroctia]i»  PosltiTe,  Rnund  a  Cirt-Dtt 
^^ — In  a  plane  circuit  looked  at  from 
one  side,  a  direction  opposite  to  that  of  the 
hands  of  a  clock. 

This  is  a  convcntioa  which  btis  been  made  in 
order  to  conveniently  connect  the  direction  of  the 
electromotive  force  produced  by  induction,  with 
title  direction  of  the  inductloD. 

Di reel  ion.  Positive,  Throuirh   a  Cirenlt 

in  a  plane    circuit,  looked  at  from 

one  side»  a  direction  through  the  circuit  away 
from  the  observtr, 

DirectlTO  Tendency  of  Mairnetie  Needle^ 
— '(Sec  Needle,  Mtigmetic^  Dire£tiv€  Ten^ 
dincy  of.) 

Disc,    Ara^o^ A  disc    of    copper 


or  other  non-^magnctic  nietalHc  substance, 
which,  when  rapidly  rotated  under  a  mag* 
nclic  needle,  supported  independently  of  the 
disc,  causes  the  needle  to  be  deflected  in  the 
direction  of  rotation,  and,  when  the  vetocity 
of  the  disc  is  sufficiently  great,  to  rotate  with  it. 
Such  disc  if  shown  in  Fig ,  303  at  b.    The  move* 


^^1 


meni  of  the  needle  h  due  to  electric  currents,  in* 
ddccd  t)y  the  disc  moving  through  the  &cld  of  the 
needle  so  as  to  cut  its  lines  of  magnetic  force.  To 
obtain  the  best  results  the  disc  must  move  very 
rapidly,  and  should  be  near  the  needle.  More- 
over, the  needle  should  he  powerful. 

This  effect  was  discovered  by  Arago,  in  1^24. 
Since  a  magnetic  needle  moving  over  a  metallic 
plate  produces  electric  currents  in  a  direction 
which  tends  to  stop  the  motion  of  the  needle,  a 
datnpLtig  of  the  motion  of  a  magnetic  needle  is 
sometimes  effected  by  causing  it  to  more  rtear  a 
metal  plate.  The  induced  currents,  which  the 
needle  produces  in  the  plate  by  its  motion  over  it, 
tend  to  retard  the  motion  of  the  needle.  (See 
Damping.    La70,  Ltn^*s,) 

'  Disc  Armature. — (Sec  Armafurr,  Disc) 

Disc,    Faraday's  - — A    metallic  disc 

movable  in  a  magnetic  5eld  on  an  axis 
parallel  to  the  direction  of  ibe  field. 

Such  a  disc  is  shown  in  Fig.  204,  and  moves, 
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a^  will  be  seen,  so  as  to  cut  the  lines  of  magnetic" 
force  at  right  angles. 

The  difference  of  potential  generated  by  the 
motion  oC  such  a  disc  may  be  en  used  to  produce 
a  current  by  providing  a  circuit  wlicb  ts  com- 
pleted through  the  portion  of  the  disc  thai  at  any 
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At  of  its  rotmtk>n  h  sitna^ted  between  spring 
li  vtMkKg  ofi  the  axis  of  routioo  and  the 
i  of  the  disc,  respeciively. 
!•  SarimO  or  Stnrgewt's  wA^e/,  Fig.  205,  the 


wheel  itself  rutates  in  the  direction  shown,  when 
a  current  is  sent  through  it  in  a  direction  indicated 
I17  the  aiTows, 

Bfseluun^e. — The  equalisation  of  the  dif- 
lerenoe  of  patential  belweert  tiit:  trmiiiiaJs  of 
acoodetxSGr  or  source,  on  their  cannectioji  by 
a  ccmductor. 

The  removed  of  a  charge  from  the  surface 
of  any  chat^ged  conductor  by  connecting  it 
wHh  the  earth,  or  another  conductor. 

renrioval  of  a  charge  by  means  of  a 
am  of  electrified  air  particles. 
Tte  disohaxge  of  an  insulated  conductor ,  a 
,  A  condenser,  or  a  Leyden  balterj-,  is  aai- 
The  oscillatory  currents  continue  but  for 
time,    TJie  discharge  b  therefore  often 
\  of  as  producing  mt>mtatary  currents, 
s  discharge  of  a  voltaic  battery,    or  a  stor- 
f ,  ia  neirly  continuous,  and  furnishes  a 
Dt  which  ia  practically  continuous,  a^  dis- 
1  from  the  momentary  currents  pnxjaced 
\f  the  discharge  of  a  condenser, 

A  diirJiargc  may  be  aUemating^  brushy  h'^ush 
mtd  ipTAjf^  f^ttiiueiUtt,  ccmzfeciiviTt  d^ad-beal^ 
ditrm^ia-t^  ^*jming^  glirm^  laUral^  Qscillaiifry^ 
prri^dii^    tira^ified^  stnttimmg^    iotpulsiv€    and 

DtoelHUi^  AKeniiitin^ An  elec- 

Itic  discbarge  which  changes  its  direction  at 
ttgidar  interrals  of  time. 

A  periodic  discharge, 

llie^Afgt,  Bmsh  —  —A  faintly  lu- 
ntolis  dischargr  that  occurs  from  a  pointed 
pOllUve  cofiductor. 

Tlie 'brash  discharge  k  a  specaea  of  convective 
gc.    In  it,  the  streams  of  electrified  air 


tkai>£i^Atf#yy,  Cmvtciiue,} 


tic  brmh  shape. 


Ili2!4eliar^«    1lniiik-attd-S|»ray  — —  —A 

form  of  streaming  discharge  obtained  by  in- 
creasing the  frequency  of  the  alternations 
of  a  high  potential  current  which  assumes 
the  appearance  of  a  spray  of  silver- white 
sparks,  or  a  bunch  of  thin  silvery  threads 
around  a  poweriul  brush. 

Some  idea  of  the  brush  and -spray  discharge 
may   be  obtained    fjom    Fig.    206,    taken  from 
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Fig*  90tf*    Brmh*a>ui-Sprajt  Disckargi  ( JittUt 

Tesla,  who  has  carefully  studied  these  phenom- 
ena. 

The  hrosh-and 'Spray  discharge  is  best  obtained, 
according  to  Tcslai  by  brm^ijig  the  termiimU 
of  a  source  of  rapidly  alternating  electrostatic 
currents  of  high  potential  somtrwhat  nearer  to- 
gether, when  the  streaming  discharge  has  lieen 
obtained,  and  preferably  increasiog  the  frequency 
of  the  alternations. 

The  brush  .and  ,apray  discharge,  wheti  power* 
ful,  closely  resembles  a  gas  dame  &om  gas  escap* 
ing  under  great  pressure.  Says  Tcsla:  "But 
they  do  not  only  rtitmbU^  they  are  veritable 
dames,  for  they  are  hot.  Certainly  they  are  not 
as  hot  as  a  gas-burner,  hud  ihfy  wmddbe  so  if  th^ 
/retiucn€y  amd  ikf  potemiiai  Wimld  bt  snffida^ily 
highy 

The  brush*and- spray  discharge,  at  higher  fre- 
quencieSf  passes  into  a  form  of  dischacge  for  which 
Te^la  has  proposed  no  particular  name.  He  de- 
scribes tliis  form,  in  a  publication  of  a  lecture 
before  the  American  Institute  of  Electrical  Engi- 
neers, as  follows,  vw. : 

•  *  If  the  frequency  is  still  more  increased,  then 
the  coil  refuses  to  give  any  spark  unless  at  com- 
paratively small  distances,  and  the  Bfth  typical 
form  of  discharge  may  be  observed  (Fig,  ^107), 
The  tendency  to  stream  out  and  db^ipate  is  then 
so  great  that  when  the  brush  is  produced  at  one 
terminal  no  sparking  occurs,  even  tf.  as  I  have  re- 
peatedly tried,  the  hand*  or  any  conducting  ob- 
ject, is  held  within  the  iftjrt«33a\  asu^^^^a)u\a  1 
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singular,  the  luminous  stream  is  not  at  all  easOy 
deflected  by  the  approach  of  a  conducting  body. 

**At  this  stage  the  streams  seemingly  pass  with 
the  greatest  freedom  through  coiiMdcrablc  thick- 
nesses of  icisulators.and  it  is  particularly  interest- 
ing to  study  their  behavior.  For  this  purpose  it 
is  convenient  to  connect  to  the  terminals  of  the 
coil  two  metallic  spheres,  which  may  be  placed  at 
any  desired  distance  (Fig.  208).    Spheres  arc  prcf- 


Fig^  i07*    Fifth  lyfical  Fvrm  of  Duchargi  {Tula's* 

erable  to  plates^  as  the  discharge  can  be  better 
observed.  By  inserting  dielectric  bodies  between 
the  spheres,  beautiful  discharge  phenomena  may 
be  observed.  If  the  spheres  be  quite  close  and  a 
spaxk  be  playing  between  them,  by  interposing  a 
thin  pkte  of  ebonite  between  the  spheres  the 
spark  instantly  ceases  and  the  discharge  spreads 
into  an  intensely  luminous  circle  several  inches  in 
diameter,  provided  the  spheres  are  sufficiently 
large.  The  passage  of  the  stream  heats,  and, 
after  awhile,  softens  the  rubber  so  much  that  two 


Figi,  Mo8^    Luminent  Ditchargt  with  !nttrp0ud 

Insulators, 

plates  may  be  made  to  stick  together  in  this  man. 
Dcr.  If  the  spheres  are  so  far  apart  that  no  spark 
occurs,  even  if  they  are  iar  beyond  the  striking 
distance,  by  inserting  a  thick  plate  of  glass  the 
discharge  b  instantly  induced  to  pass  from  the 
spheres  to  the  glass  in  the  form  of  luminous 
ftreams.    It    appears    almost    as  though    thes^ 


streams  pass  thrmtgh  the  dielectric.    In  t«ality  | 
this  is  not  the  case,  as  the  streams  are  due  to  tlie  j 
molecules  of  the  au*  which  arc  violently  agitated  ■ 
in  the  space  between  the  oppositely  chaf^ol  sar* 
faces  of  the  spheres. 

•*  When  no  dielectric  other  than  air  is  present, 
the  bombardment  goes  on,  but  is  too  weak  ta 
be  visible  ;  by  inserting  a  dielectric  the  ind.x» 
tive  effect  is  much  increased,  and  besides,  the  I 
projected  air  molecules  find  an  obstacle  and  the  1 
bombardment  becomes  so  Ijitense  that  the  streams  ' 
become  luminous.     If  by  any  mechanical  means 
we  could  effect  such  a  violent  agitation  of  the 
molecules  we  could  produce  the  same  phenom- 
enon.    A  jet  of  air  escaping  through  a  small  , 
hole   under    enormous    pre^ure    and    striking  ' 
against  an  insulating  substance,    such  as  glass, 
may  be  luminous  in  the  dark»  and  it  might  be 
possible  to  produce  phosphorescence  of  the  glass 
or  other  insidators  in  this  manner. 

**  The  greater  the  specific  inductive  capacity  ol 
the  interposed  dielectric,  tlie  more  powerful  the 
effect  pioduced.  Owing  to  this  ttie  streams  shoir 
themselves  with  excessively  high  potentials  even 
if  the  glass  be  as  much  as  one  and  one-half  to  two 
inches  thick.  But  besides  the  heating  due  to  bom* 
bardment,  some  heating  goes  on  undoubtedly  in 
the  dielectric,  being  apparently  greater  in  glasi 
than  in  ebonite.  I  attribute  this  to  the  grcatef 
specific  inductive  capacity  of  the  glass  in  cotise- 
quence  of  which,  with  the  same  potential  differ* 
cnce,  a  greater  amount  of  energy  is  taken  op  in  it 
than  in  rubber.  It  is  like  connecting  to  a  battery 
a  copper  and  a  brass  wire  of  the  same  dimcn' 
sions.  The  copper  wire,  though  a  more  perfect 
conductor,  would  heat  more  by  reason  of  its  tak» 
ing  more  current.  Thus  what  is  otherwise  con- 
sidered a  virtue  of  the  glass  is  here  a  defect. 
Glass  usually  gives  way  much  quicker  than  ebo*  \ 
nlte ;  when  it  is  heated  to  a  certain  degree  thfti 
discharge  suddenly  breaks  through  at  one  point,  \ 
assuming  then  the  ordinary  form  of  an  arc.*' 

m^liar^e,    CoiidnctiTe  —  A  dis* 

charge  effected  by  leading  the  charge  off  ^ 
through  a  conductor  placed  in  contac*  with  fl 
the  charged  body. 

Discharge*     Convoctlve A  di^ 

charge  which  occurs  from  the  points  on  the 
surface  of  a  highly  charged  conductor, 
through  the  repulsion  by  the  coaductor  of  air 
panicles  that  in  this  manner  carry  xM  minute 
charges* 
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A  connective  diKharge«  though  often  attended 
hf  ft  feeble  soimdt  is  sometimes  called  a  /lAw/ 
iisthargf^  in  order  to  distinguisli  it  from  the 
««ji,K,  disruptwf  dischargt^  which  is  attended  by 
t  sk&rp  snap,  or  when  coosiderabte,  by  a  loud 
report, 

A  coovective  discharge  is  also  called  a  gima  or 
Wu$h  disikargi.  The  latter  is  best  seen  at  the 
fmall  button  at  theeiid  of  the  prime  or  positive 
trnduetor  %i^l%  fric'Jonal  dev-tric  machine. 

Th^pcjitive  distharge  from  a  point  or  small 
rounded  conductor  is  always  brush  shaped;  the 
mtffative  discharge  is  always  star  shaped, 

la  rardicd  gases,  the  discharge  is  convcctivc  in 
character  and  produces  various  luminous  effects 
of  great  beauty,  the  color  of  which  depends  on 
the  iind  of  ^as,  and  the  size»  shape  and  material 
of  the  electrodes,  and  on  the  degree  of  the  vacuum. 
Thus  in  the  rarcftcd 
space  of  the  vessel  shown 
in  Fig.  2C9,  the  discharge  I 
becomes  an  ovoidal  mass  I 
of  light,  sometimes  called  I 
tbe  Phihs0pher*s  Egg, 

When  the  dischaj-gesl 
in  rarefied  ga^cs  follow  I 
one  another  \\^rf  rapid*  I 
ly,  alternations  of  light  I 
and  daxkncsSi  or  strait fi-  \ 
tati<ms^  or  strife  arc  pro- 1 
duced. 

The  breadth  of  the  I 
dark  bands  increaaei  as  I 
the  vacuum  becomes  | 
higher.  The  light  por- 
tions start  at  the  positive  I 
electrode,  and  are  hotter  | 
than  the  dark  porti  ns. 

The  effects  of  tuminous  ^i^^soQ.    Dit^har^t  im 


coavettivc  discharges  are 


Rart/ied  Mr. 


best  seen  In  exhausted  glass  tubes,  called  Geissler 
ht^p  containing  rcaduxl  atmospheres  of  various 
gases*     (Sec  Ttt&es,  Geiss/er.) 

I^i^barigef    Bead  Beat -^  A   non- 

osdllatory     discharge,        (See     Discharge^ 

Dlschan^e,  BtsmptlTe A  sudden. 

and  more  or  le-ss  complete,  discharge  that 
tikes  place  across  an  intervening  non-con- 
ductor or  dielectric. 

A  mechanical  strain  of  the  dielectric  occurs^ 
vUch  staddtmfy  breaks  down  as  it  were  and  per- 


mits the  discharge  to  pass  as  a  Spark,  or  rap^^ 
succession  of  sparks* 

In  air,  the  spark,  when  long^  generally  takes 
the  zigzag  path»  as  shown  in  Fig«  210. 

The  sparks  produced  by  disruptive  discharges 
consist  of  heated   gases, 
together  with  portions  of 
the   conductor  that  arc 
volatilized  by  the  heat 

77te  discharge  &f  a  Z^- 
den  jar  or  condenser  may 
be  diiruptivc»  as  when 
the  discharging  rod  is 
held  With  one  knob  con- 
nected with  one  coating, 
and  the  other  near  the 
other  coating.  It  may 
be  gradual^  as  when  the 
two  coatings  are  alter* 
nately  connected  with  the 
ground*  The  discharge 
of  a  Ley  den  jar  as,  in- 
decd|  the  disniptive  dis- 
charge in  general,  is  os^ 
dliaiory. 

The  stress  is  often  suf- 
ficient to  pierce  the  glass. 

Discharge,  Bnra- 
tion  of  ^ -^  The 

time  required  to  effect  a  complete  disruptive 
discharge. 

The  disruptive  discharge  is  not  instantaneouij 
some  time  is  required  to  effect  it  Eslfniates  of 
the  duration  of  a  flash  of  lightning  based  on  the 
duration  of  a  Lcydcn  jar  discharge,  are  mislead . 
ing  from  the  enormous  difTercnce  in  the  quantity 
and  the  polential  in  the  two  cases.  The  fact  tliat 
the  disruptive  dii" charge  is  oscillatory  and  consists 
of  a  number  of  discharges  taking  place  in  alter- 
nately opposite  directions  shows  that  the  discharge 
is  not  instantaneous. 

Leytlen  jar  discharges,  are,  however,  accom- 
plished in  very  small  periods  of  time. 

Btscharge,  Flaintngr The   white 

and  flaming  arc-like  discharge  that  occurs 
between  the  terminals  of  the  secondary  of  an 
induction  coil,  when,  with  a  great  number  of 
alternations  per  second,  the  current  through 
the  primary  ts  increased  beyond  that  required 
for  the  sensitive-thread  dischai^e,  (Sec  Di^ 
charge,  Semitive'Tkread,) 


Fig,  a  to.     Dirru^tw^ 
Disekargi, 


DiB.] 
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According  to  Tcsla  the  flaming  discharge  is 
best  produced  when  the  number  of  alternatioiu  Is 
not  too  great  atid  certaui  relations  between  ca- 
pacity, self-induction  and  frequency  arc  observed. 
These  rciatioDs  mtist  be  such  as  will  permit  the 
flow  through  the  circuit  of  the  maKimum  current, 
and  thus  may  be  obtained  with  wide  variations  in 
the  frequency.  Ttic  flaming  discharge  develops 
considerable  beat,  and  is  characterized  by  the 
absence  of  the  shrill  nole  accompanying  less  pow- 
erful discharges*  This  is  probably  due  to  the 
enormous  frequency. 

Some  idea  oi  the  flaming  discharge  may  be  had 


iram  an  inspection  of  Fig.  211,  taken  from  Tcslo. 

BiBchar^e,  Glciw A  form  of  con- 

veciive  dischai]ge-      (See  Discharge,   Con- 
wective,) 

^ischar^,  impal%l¥© A  dis- 
charge produced  in  condtictors  by  suddenly 
created  diSerences  of  potential. 

Impulsive  discharges  are  influenced  more  by  the 
inductance  of  a  conductor  than  by  its  true  ohmic 
resistance.    (Sec /W.ViYawx:*',   RcTisiatU'^^  Ohmic) 

A  mass  of  guncoltou  simply  ignited  in  the 
open  air,  produces  but  little  cfTect  on  any  resisting 
object  placed  below  it.  If,  however,  i t be  rapidly 
ignited  by  means  of  a  detonator,  and  is  thus  fired 
with  much  greater  rapidity,  it  may  shatter  any. 
thing  placed  l>eiieath  it. 

In  a  similar  manner,  a  rapidly  discharged  cur- 
rent, or  impulsive  discharge,  produce^^  through  ttie 
inductance  of  the  conductor,  a  series  of  eflects 
somewhat  similar  to  die  above,  in  which  a  great 
impedance  is  produced  by  a  sudden  change  of 
direction. 

Blsichargre^  IiulnetMi  CtirirnLs  Etft^cts 
FlXMlttC(?d  by  — -  —Varying  classe:^  uf 
effects  produced  by  the  discbarges  of  induced 
currents. 


The  edectj  produccT^y^SScE^es  of  indoood 
currents  are  classthcd  by  Fleming  as  follows: 

(i,)  Eflects  depending  on  the  entin;  quantity  of 
the  discharge, 

a,  Galvanometric  efl^ts. 

If  the  needle  of  the  galvanometer  has  a  period 
or  time  of  oscillation  that  is  long,  as  compared 
with  the  time  of  duration  of  the  discliarge,  the  stae 
of  one-half  the  angle  of  deflection  is  proportional 
to  the  whole  quantity  of  tlie  discbarge^ 

^,  Electro-chemical  effects. 

The  quantity  of  an  electrolyte  broken  up  is 
proportional  to  the  quantity  of  electricity  which 
passes  through  it, 

(2,)  KOects  depending  on  the  average  of  the 
square  of  the  current  strength  at  any  instant  dur- 
ing the  discharge. 

tf ,  Heating  ctfects. 

The  rate  of  dissipation  as  heat,  acoording  fe9 
Joule's  law,  is  proportional  to  the  square  of  the 
current  strength  passing. 

K  Electro.dynamic  eflects. 

When  a  discharge  passes  through  a  ciicui^ 
part  of  which  is  fixed  and  part  movable,  the  forces 
of  attraction  and  repulsion  which  take  place  be  - 
twccn  them  at  any  instant  are  proportional  t© 
the  square  of  the  current  strength. 

(3.)  Effects  depending  on  rate  of  change  of 
the  current, 

a.  Physiological  effects. 

The  effect  of  the  discluirge  in  producing  pbysU 
otogtcal  shock  increases  with  the  suddenness  of 
the  discharge.  Of  two  discbarges  w  h  ich  reached 
the  same  maxima  that  which  reached  it  lirst  would 
produce  the  greatest  physiological  effect.  Roccnt 
investigations  by  Tesla  and  others  would  appear  to 
partly  disprove  the  above  statement 

^.  Telephomc  effects. 

The  telephone,  like  the  body  of  an  aniiual,  is 
affected  more  by  the  rate  of  change  than  by  the 
current  strength  at  any  instant. 

€,  Magnetic  effects. 

Rayleigh  has  shown  that  the  magnetic  effects  of 
the  discharge  depend  upon  the  maximum  current 
strength  during  the  discharge,  or  upon  the  initial 
current  strength,  in  cases  where  the  current  dies 
away  gradually.  Since  the  time  rcq\iircd  f'^r  the 
permanent  magnetizing  of  a  steel  wire  is  small 
compared  with  the  duration  of  the  induced  crur^ 
rent,  the  amount  of  magnetism  acquired  depends 
essentially  on  the  initial  or  nwucimum  current 
strength  during  the  discharge,  irrespective  of  the 
Utttc  during  which  said  discharge  lasts. 
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■BOI19  effects. 

ne  abo  depeodcnt  in  ^kc  cas^  of  iilduced 

I  oil  tkc  rUe  ofohange  of  the  curreot* 

irf  e-Eey.— (See  JCi;y,  Dischar^e^ 

\r^t^   lateral A  discharge. 

ice  on  the  discharge  of  a  Leyden  jar> 
disruptive  disicharge»  between  parts 
r  or  conductors,  not  in  the  circuit  of 
discharge* 

rgcd  LcTdeo  jar  is  placed  oa  an  tOffiulat^ 
and  is  tlbcn  discharged  by  the  discharg. 

be  liberal  discharge  is  seen  as  a  snull 
t  passes  between  the  outside  coating  of 
i  a  body  connected  with  the  earth  at 
nt  of  th£  discharge  through  the  rod. 
tidiiihargt  is  also  seen  in  the  sparks 
e  taken  from  a  conductor  in  good  £,on- 
ith  the  earth,  by  holding  the  hand  near 
Ctor,  while  it  is  receiving  large  sparks 
irwerfiil  machine  in  operation.  These 
I  are  due  to  induction. 
I^njar  be  discharged  by  means  of  a  con* 
^■pcnl  as  shown  in  Fig.  212,  in  which 


Hl t&e  circuit  are  cktsely  approached  as  at 
ttf  a  spark  occurs  at  B,  another  spark 
hy  a  Literal  discharge  occurs  at  A. 
the  resistance  of  the  metallic  circuit  is 
y  leas  than  the  resistance  of  the  air 
Ugh  which  the  lateral  discharge  occurs, 
lunter  electromotive  force  produced  in 
ic  circuit  by  the  impulsive  discharge, 
ts  roristance  far  greater  than  that  of 
ice.     The  path  of  a  lateral  discharge 

IoHimativi^  ^th,     (See  Patk,  Al- 
m  phcaorogna  attcoda^  and  pro- 
fit elccuic  dBscbarge* 

llBHi dbcls^aiy as  tp  color,  ioteosity, 

fl»  A  wmkMf  of  urnMBaUnces»  the  prin. 
liU  are  at  follows,  viz. : 
til  Iha  kind  of  gaseous  medium  through 
ptKhATge  paases.    Thus,  a  spark  passed 
fc  hat  a  cnmaoa  or  reddish  color; 


through  caf bozdc  add  oir  chlorine^  a  greeotsk 
color. 

(2,>  With  the  densT^  of  the  me^om.  In  m 
partial  vacuum,  the  discharge  fFom  an  induction 
cchI  becomes  an  ovoidal  mass  of  ^ght.  As  the 
vacuum  increases,  the  light  at  first  grows  brighter, 
but  as  a  higher  vacuum  is  reached,  stris  of  «K> 
temate  dark  and  light  bands  appear.  Fuiiffjy 
with  very  high  vacua  the  discharge  Cuts  to  pass.. 
(See  Duckarge,  Conv€ttiv€.\ 

(3.)  \Tith  the  nature  of  the  substances  formutg 
the  points  from  which  the  discharge  b  taken. 
This  is  due  to  the  partial  volatiliaation  of  the  mm^ 
tcria!  of  the  electrodes. 

(4.)  With  the  kind  of  clectricUy,  1.  ^..  wheSifir 
positive  or  negative.  A  positive  charge  assumes 
the  shape  of  a  btn\  a  negative  discharge,  that  of 
a  star. 

(5.)  On  the  density  of  the  discharge.  Tbcln* 
troduction  of  a  Leyden  jar  or  condenser  in  the 
circuit  of  a  Holt^  machine,  fior  example,  causes 
the  spark  Co  change  &om  the  hkil  bluish  to  the 
silvery  white. 

(6.)  The  disruptive  discharge  through  air  is  at* 
tended  by  snapping  or  crackling  sound,  which,  ixa 
the  case  of  lightning,  reaches  the  intensity  of  thm»— 
der.  When  the  disruptire  discharge  lakes  place 
through  a  vacuum  a  ibint  hissiing  sound  b  heard* 
or  all  sound  may  oitirely  disappear. 

(7. )  Luminous  effects  resulting  from  molecular 
bombardment  occurring  in  comparatively  higla 
vacua.     These  luminous  effects  may  result : 

(a,)  From  actual  incandescence  of  some  rcfrac^ 
tory  material  produced  \3if  the  blows  of  the  mole- 
coles*  or, 

(h.)  As  a  rsnlt  of  pho^horcsecnoe  or  fluores- 
cence due  to  such  hlfOWiL 

Canary  glasAi  or gfassskaioed  by  oiaiiiiiin  oxidew 
fluoresces  and  emits  a  yHknrish  great  light ;  sola* 
tion  of  sulphate  of  c^uiiiBie  emits  m  lilnA  lighL 

Dlschargfv    Jfoa-Oseillaterr A 

dead»beai  discharge.  ^  See  Disckar^t,  D^u^ 
Bial.) 

IHsehaTiTf,  (Ncillatln^  — A  number 

of  successive  discharges  and  recharges  whidl 
occur  on  the  disruptive  dischai^of  a  Leydea 

jar.  or  cdndenser. 

A  discharge  which  periodically  decreases 
by  a  series  of  osciTlations. 

A  discharge  which  produces  a  dytng-away- 
backwards  and  forwards  current. 
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Tlic  disruptive  discharge  ol  a  Lcyden  jar,  or 
condenser,  ia  not  effected  by  a  dingle  rush  of  elec- 
tricity. When  discharged  through  a  compara- 
tivdy  small  resistance,  a  number  of  alternate 
partial  discharges  and  recharges  occur,  whith 
produce  true  os dilations  or  tmdttlafmy  discharges. 

These  oscillations  arc  caused  by  tlic  induction 
9f  the  discharge  on  it^lf,  and  arc  siaiHar  to  the 
self-induction  of  a  current 

The  existence  of  the  oscillating  discharge  in  tlic 
case  of  a  Leydcn  jar  or  condenser,  proves,  in  the 
opinion  of  some,  that  electricity,  taken  along 
with  matter,  possesses  ;i  property  similar  to 
Inertia* 

Distil ar^e,    Oscillatory  —A    term 

sometimes  used  for  an  oscillating  discharge. 
(See  Discharge^  Oscillating.) 

Bischargts  Periodic  - — -  —An  electric 
discharge  which  changes  its  direction  at  reg- 
ular imer\'als  or  periods. 

An  alternating  discharge. 

Bischarg-e,  PeriodieaOy-DwreasIn^  —^ 
— An  oscillating  discharge  whose  decrease  is 
periodic.     (See  Discharge,  Oscillating.) 

Discharge,  SeusitiveTUread The 

thin,  thread-like  discharge  that  occurs  be- 
tween the  lentiiiials  of  the  secondary-  of  an  in- 
duction coil  of  high  frequency. 

The  sensitive-thread  discharge  occurs,  accord- 
ing to  Tesla,  when  the  number  of  alternations  per 


/3]f .  ^  /  J.     Semiitrvt'  7\r*ad  Discka  rft  (  TttUCi* 

second  is  high  and  the  current  through  the 
primary  small.  This  discharge  has  the  form  of 
a  thin,  ieebly- colored  thread.  Though  very  sensi* 
tive,  being  deflcctcJ  by  a  mere  breath,  i£  is  never- 
theless quite  persistent,  if  the  terminals  be  at 
one- third  of  the  striking  distance  apart.  Tesla 
ascribes  its  extreme  sensibVeness,  when  long,  to 
the  motion  of  suspended  dust  particles  in  the  air. 
The  general  appearance  of  the  sensitive-thread 
discharge  is  shown  in  Fig,  213,  taken  frxim  Tesla. 


Discharge,    Silent A  name  gi\reB 

to  a  convective  discharge  ill  order  to  distiii* 
guish  it  from  the  more  noisy  disniptivc  dis- 
charge. 

The  convective  discharge  in  reality  is  attoidad 
by  a  feeble  sound,  which,  however,  is  quk^  whett 
compared  witli  the  more  proooonced  ioond  of  tbt 
disruptive  discharge,  (See  Disthargi^  CmmM* 
iive.\ 

Bi^hargre,    Stratified The    form 

of  alternate  light  and  dark  spaces  assumed  by 
the  discharges  of  an  induction  coil  through  a 
partially  exhausted  gas.  (See  Tubi,  Straii* 
fi cat  ion.) 

The  striae  are  explained  by  Curtit  as  follows s 
••  Under  the  influence  of  the  electric  rhythm  ol 
the  rapidly  following  discharges  the  molecules 
of  the  residual  gas  collect  in  alternately  dense 
and  rarefied  spaces.  The  Ug  h  t  bands  correspond  to 
t!ie  spaces  where  the  molecules  are  comparatively 
cr.iwded  together,  and  their  concomitant  fiicti>a 
produces  the  luminous  disturbance.  The  dark 
spaces  are  where  the  molecules  are  further  apart, 
and  where  their  collisions  are  consequently  lesi 
frequent. '  * 

Discltarge,  Stroaming A  form  as- 
sumed by  the  flaming  discharge  l>etweea  the 
terminals  of  the  secondary  of  an  induction 
coil  when  the  frequency  of  the  alternations 
increases  beyond  a  certain  limit,  and  the 
potential  has  consequently  increased. 

The  streaming  discharge  partakes  of  the  general 
characteristics  of  the  flaming  disc^iarge.  Lumu 
nous  streams  pass  in  abundance,  not  only  between 
the  terminals  of  the  secondary,  but,  according  to 
Tesla,  who  has  carefully  studied  these  phe- 
nomena, between  t!ie  primary  and  the  secondary, 
through    the    IniuUtistg     dielccttic 
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the'.n.    The  streams  nt>t  only  pass  between  the 
terminals,  but  also  issue  from  aU  poiDCi  aad  i»o* 


Dto.] 
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)ectioos,  as  will  be  seen  £rom  Fig.  214,  taken  from 
TesU 

When  the  streaming  discharge  reaches  a  ccr- 
tain  higher  Umit  it  become*  a  brush^and  spray 
d^chargi,     {Sec  Disdiarg^t  Brush  and -Spray  J\ 

The  streaming  discharge  obtained  from  an  in- 
duction  coQ  with  high  frequtnciea  dilTers  from  that 
of  an  electrostatic  machine  in  that  it  neiilier  pos- 
seses  the  violet  color  of  the  positive  static  dis- 
charge nor  the  brightness  of  the  negative,  but  is 
ID  termed  iate  in  color. 

DlschJir^e,  Sni^in^ A  temi  some- 
times applied  to  an  osc  illatu  ry  d ischarge.  (See 
J^isc Marge,  Osciliaioty) 

DIscliArg^e,     to    Elet' trie  all/ — To 

equalize  differences  of  potential  by  connecting 
them  by  means  of  a  conductor, 

Dij^han^e,  Uiidtiljitorj  ^A  dis- 
charge, the  strength  and  direction  of  which 
gradually  change.  (See  Currents,  Undu^ 
iaiary.) 

Discharge,     l^nldirectlcmal  —An 

dcctric  discharge  which  takes  place  from  the 
beginning  to  the  end,  in  one  and  the  same  di- 
rection. 

1>I^har^,  Telocit J  of The  time 

required   for   the   passage    of    a    discharge 

through  a  given  length  of  conductor. 

According  to  modern  views  it  is  the  ether  sur- 

Ifooading  thc;wire  or   conductor  which  conveys 

\  Ae  dectnc  pulses.     All  the  cnerg  7  which  gets  in  to 

tbit  conductor  is  dissipated  as  heat. 

The  velocity  of  propagation  of  discharge  of  the 
{lutsci  produced  by  the  o^citlating  discharge  of  a 
Leydco  jar  through  the  inter  atomic  or  intcr- 
molecuUr  ether,  1,^,  .through  the  fixed  ether  within 
different  substances,  varies  with  the  substance. 
Through  free  ether  the  velocity  is  that  of  light,  or 
195,000  miles  a  second. 
The  vclodty  of  discharge  through  long  con- 
1  dactors  or  cables  is  much  lesscnerl  by  tXi^capadty 
iA  the  cable,  and  the  effects  of  inducti&tt,  and  will 
vary  in  different  cases,  (See  Retard- 
^\ 

VIseliAri^r*  rDlrerfml  — — ^An  appa* 
latas  for  sending  the  discharge  of  a  powerful 
I>qfden  battery  or  condenser  in  any  desired 
ction. 

niversal  discharger  consists  etsentiatly  of 


metallic  rods,  supported  on  insulated  pillars  and 
capable  of  ready  motion,  both  towards  and  from 
one  another,  as  well  as  in  vertical  and  horizon- 
tal p!anes.  The  object  which  is  t.>  receive  the 
diicharge  is  placed  on  an  insulated  table  between 
the  rods,  and  the  latter  connected  with  the 
opposite  coatings  of  the  battery  or  condenser, 
when  the  discharge  passes  through  it. 

The  term  universal  discharger  is  sometimes  ap- 
plied to  the  discharging  tongs* 

DlAchar^in^,      Elwtrlcally  ,  —The 

act  of  equalizing  differences  of  potential  by 
connection  with  a  conductor. 

Btsi'har^in^  Rod.— (See  Rod^  Discharg- 
ing,) 

DJ!4c*har]eriij|r  Tontrs.— (See  Tongs,  Dis- 
charging) 

Disconnect — To  break  or  open  an  cleclric 
circuit. 

Illsconnecter, — A  key  or  other  de\'ice  for 
opening  or  breaking  a  circuit. 

DlHcoiinectln?,— The  act  of  opening  or 
breaking  an  electric  circuit* 

Dtsi'(iiini*ctl«>n,^ — A  teim  employed  to  des- 
ignate one  of  ttie  varieties  of  faults  causec^ 
by  the  accidental  breaking  or  disconnection 
of  a  circuit. 

Disconnections  of  this  kind  may  be  i 

(I.)  Total ;  as  by  a  switch  inadvertently  lefi 
open;  or  by  the  accidental  breaking  of  a  part  o( 
the  circuit, 

(2.)  PaHial;  as  by  a  dirty  contact  J  a  loose,  o 
badly  soldered  joint;  a  poorly  clamped  binding 
screw;  a  loose  terminal,  or  a  bad  earth. 

(3,)  Inlermittcni  !  as  by  swinging  joints,  alter- 
nate  expansions  or  contractions  on  changes  ol 
temperature;  the  collection  of  dust  and  dirt  in  dry 
wcather»  and  their  washing  out  in  wet  weather. 

nfHconnectlon,       Intemifttf'iit  — 

Any  fault  in  a  line  which  occurs  at  inter\'al5 
or  intermillemly. 

DiKconuectioa,  Partial A  partial 

fault  m  a  line  caused  by  any  imperfect  con. 
tact. 


PIsconaoetioti,  Total  - 


-A    fault  in 


a  line  occasioned  by  a  complete  break  in  the 
circuit, 

DIgsrnlfted  Electricity.- (Sec  Electricity, 

Disguised.) 
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Bi^onctar.^A  device  employed  in  a  sys^ 
tem  for  the  distribution  of  electric  energy  by 
means  of  continuous  currents  by  condensers* 
for  the  purpose  of  period ictilly  reversing  the 
constant  current  sent  over  the  line.  (See 
Electricity,  Distribution  of,  by  Continuous 
Current  by  Means  of  Condensers.) 

Dkpersiatt  Photo  meter. — (See  Pkeiome- 
ter.  Dispersion,) 

BiMplacemeitt    Ciurreiit'— (Sec    Current, 

Displacement^ 

]>i]^pliieeiuen1>  Electric A  displace- 
ment of  electricity  in  a  uniform  and  non* 
crystalline  dielectric  when  lines  of  electro- 
static or  ma^etic  force  pass  through  it. 

The  quantity  of  electricity  displaced  in  any 
homogeneous,  non-crystallizable  dielectric, 
by  the  action  of  an  electric  foice  through 
the  unit  area  of  cross-section,  taken  perpen- 
dicular to  the  direction  of  the  electric  force. 

Electric  displacement  is  produced  under  an 
elastic  strain,  which  cantinuesonlywhile  the  elec- 
tric force  is  acting. 

Displaeeneai^  Eleetrlc^  Uues  of 

Lines  of  electric  induction  along  which  dec* 
trie  displacement  takes  place. 

Bij^plaeement,  Eleetric,  Oscillatory 

— A  displacement  of  electricity  in  a  di- 
electric or  non-conductor  of  an  oscillatory 
character. 

Displajeement,    Electrir,  Theory  of 

—A  theory  which  regards  the  electricity 
produced  on  an  insulated  conductor,  by  in- 
duction through  a  dielectric,  as  displaced  out 
of  the  dielectric  on  to  the  conductor,  or  into 
the  dielectric  from  the  conductor,  by  the  in- 
fluence of  the  electric  force. 

This  conccpticm  was  introduced  Into  science  by 
Maxwell,  after  a  careful  study  of  Faraday's  denial 
of  action  at  a  distance. 

Suppose  a  small  insulated  sphere  to  receive  a 
charge  of  electricity  +  0*  It  will,  by  induction, 
produce  an  equal  and  opposite  charge  —  Q,  on 
the  inner  surface,  and  a  similar  charge  on  the 
outer  «urfece  of  the  small  hollow  sphere,  placed 
near  it,  but  separated  by  the  dielectric.  There 
has*  therefore,  been  a  displaccnient  of  eJcctridty 
thn)ugh  the  dielectric*      Thxs  medium  ol  13m 


dielectric  has  connected  the  two  bodks»  and  Ibe 
phenomena  have  appeared  by  the  action  ol  Ibe 
electric  force  on  the  substance  of  the  dielectric; 
or»  b  other  words^  there  has  been  zm>  actioti  at 
a  distance. 

According  to  this  conception,  an  electric  cur« 
rent,  called  a  dispUcemeDt  current,  exists  in  the 
dielectric,  whDe  displacement  is  taldog  pUce. 

Dbplacement  Waves. — (Sec  Wav£s,  Dii- 
placement) 

IHsruptive    Electric    CondnctUin.— (See 

Conduction ,  Electric,  Disruptive) 

Dissimulated   or    Latent    Electricity,— 

(See  Electricity,  Dissimulated  or  Latent,) 
Dissipation    of  Charge. — (Sec    Charge, 

Dissipation  of.) 
Dissipation    of   Energy. — (Sec    Energy, 

Dissipation  of) 

Dkaipatlan  of  Eiteii^j,  Hjsti^reslal 

— (See  Energy ^  Hysteresial^  Dissipation  of 
Hysteresis) 
Dlsi^ipation^  Speciflc  Hysteresial 

The  specific  loss  of  energy  by  hjrsteresis  id 
the  case  of  a  particular  substance.  (Sec 
Hysteresis) 

0ias(»eiate.^To  separate  a  compound  sub* 
stance  into  its  constituents. 

DUsoclatloiu — The  separation  of  a  chemi- 
cal compound  into  its  constituent  parts, 

Dfssymraetrieal  Indnetion  of  Armature. 
-—(See  Armature,   Dissymmetrical  Indue* 

tion  of) 

DKHytiiiuetrlcal  Mji^netic  FWd- — (See 
Field,  Magnetic,  Dissymmetrical) 

Pissymmetry  ol  Comnintatloii.— (Sec 
Commutation,  Dissymmetry  of) 

Distjinco,  Critieal,  of  Liit<^ral  DfecliaiFS 

Through  an  Allertiativo  Patb The 

distance  at  which  a  discharge  will  take  place 
through  an  air  space  o^  given  dimensions,  in 
preference  to  passing  through  a  metallic  cir- 
cuit of  comparatively  small  resistance. 

Distance,  Expl^Tt A  term  some- 

ticDC$  employed  for  ^)iarking  disUnce,  (See 
Distance,  Sparging) 

PktiBfit,  Sj^rtl^  — ^  — Thi>  distaxKe 
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iifatch  electrical  sparks  witl  pass  through 
t  intervening  air  space.   (See  spark.  Lttigtk 

taunt  Stfttiou.— (See  Static,  Dtstatti.) 

Bf^UlUtioii,      DestrnctlTe    —The 

Mon    of    heat    on  an    organic    substance, 
tout  of  contact  with  air,  resuUing  in  the 
Qjjosilion  of  the  substance  into  simpler 
aid  more  scal>Ie  compounds. 

The  dtflcTcnt  products  resultijig  from  destruc- 
tirc  distillation  may  be  successively  collected  liy 
llie ordinary  processes  of  distillation. 

DfsUllAtloii,  0rj A  species  of  de- 
structive distillation*     (See  Distillation,  De- 

M9till«tii)m    £lectric The    dis- 

dilation  of  a  liquid  in  which  the  effects  of 
heat  are  aided  by  an  electrification  of  the 
liquid. 

Beocaria  discovered  that  a  liquid  evaporates  more 
npidly  when  electriiicd  than  when  utielectrilieil . 
Crookcs  has  shown  that  evaporation  is  aided 
by  aegmtive  electrification^  or  that  evaporation 
t^es  phoe  more  rapidly  at  the  tiegative  terminal 
daring  a  discharge  than  at  the  positive.  (See 
Ewa^raHim,  EifttricJ) 

BMribvttii^  Box  of  €(»ndQlt^(See  Box, 
OutrAmfii^,  of  Oniduit.) 

Blstrlbntin^  Stfltton.— (See  Station,  Dis- 
immiin£.) 

Utetrfbatlng  Switch  for  Electric  Light 
— [See    Switch,   Distributing,  for   Electric 

MutTibatioii-Bax  for  Arc  Light  Circnit^ 
—{Set  Box,   Disiriimiion,  far  Arc  Light 

]NslrflMitio&,  Outre  of In  a  sys- 

n-  i>f  mulHple-distribution»  any  place  where 
.     fi  cut-outs  and  switches  are  located  in 

Older  lo  control  communication  therewith. 
The  electrical  centre  of  a  system  of  distri- 

bobon  as  regards  the  conducting  network, 

MUrllMEtion  of  Charge.— (See  Charge, 
DisMhUi^  4?/,) 

MiMlNrtioa  of  El«ctriclty^(See  EUc- 
ifidi^,  Distrihution  o/,) 


IMstrlhntiou  of  Electricity  by  Altomat- 

ing-  Currents -(See  Electricity,  Dis- 

tributiom  0/,  by  Alter nating  Currents,) 

IHstrihutiou  of  Electrleity  by  Alternat- 
ing  Onrrentii  by  MeaiH  of  CondeiiHeni.— 
(See  Electricity,  Distribution  of,  by  Alter- 
noting  Currents  by  Means  of  Condensers.) 

IMstrlhutiou  of  Electricity  by  Comnm- 
tathi^  Transformers;.  —  (See  Electricity, 
Distribution  of,  by  Commutating  Trans- 
formers,) 

Bistrlbtitlon  of  Electricity  by  Constant 
Potential  Circuit.— (See  Electricity,  Multi- 
ple Distributiofi  of  by  Constant  Poiential 
Circuit.) 

Distribnttan  of  Electricity  by  Contin- 
nons  CurwHit  by  MeauHof  Transformers,— 
(See  Eti'ctriiity,  Distribution  of,  by  CotUin- 
uom  Current  by  Means  of  Transforme:rs:\ 

Distribntinn  of  Electricity  by  Motor- 
WejieratorH.— (See  Electricity,  Distribuijon 
of,  by  Motor-Oenerators.) 

DistrUintlon,  Scries,  of  Electricity  by 
Coni^tant  Carre  at  Circiiit, — (See  Electricity, 
Series  Disiridution  of,  by  Constant  Current 
Circuit,) 

District  Call-Box,— (See  Box,  District 
Call) 

Biiiriiat  lnec|aaiity  of  Earth*^  Xagnet- 
18111. — (See  Inequality,  Diurnal,  of  Earth's 
Magnetism.) 

Bi Tided  Mi^netlc  Circuit,— (Sec  Circuit, 

Divided  Magnetic . ) 

Door-0|M?ner,  Electric  —A  device 

for  opening  a  door  from  z  distance  by  elec- 
tricity. 

Various  devices  consisting  of  electro- ma^ets, 
acting  against,  or  controlling  springs  or  weights, 
are  employed  for  this  puqiose. 

Do!9af e,    Elcctro-Therapetttleal  — 

The  apportioning  of  the  amount  of  the  cur- 
rent and  the  duration  of  its  application  to  the 
body  for  the  treatment  of  disease. 

BosaiBrtN  Oalrantc Electro-thera- 
peutical dosage.  (See  Dosage,  Electro 
Therapeutical) , 

Botthi^  Contact— (See  Contact,  Dotting.) 
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B  o  a  b  1  e-Break     Knife     Siritch.— (See 

Switch,  D&uhU'Break  Knife.) 

Uouble-CiirlKiii  Arc  Lamp* — (See  Lamp, 
Electric  Arc,  DoubU'Carbon.) 

I>oal)le-Cone  IiiMalator* — (See  Insulator, 
Doubh'Conc) 

Doable-  Cooncctor.— (Sec  Connector, 
Double) 

I>ouble-Caiitact  Kej,— (See  Key,  Double" 
Contact.) 

I>onble-C'ui)   Insulator.— (See  Insulator, 

Doiibtt'Cup.) 

Boiiblo-Curb.— (See  Curb,  Double) 
Bauble-Cur!>  HlK»ttIJug.— (See  Signaling, 

Curb,  DoubU,) 

Double-l'iirnfnt  Si§rnalin|r.— (See  Signal- 
ing, Double-Current ) 

IK>able-€iirreiit  TraBHlator,— (See  Trans- 
lator, Double-Current) 

D  o  11  b  I  e  -  C  u  r  r  c^n t  Traniiii  t tter. — (See 
Tra  n  sm  ifter,  Doubk^  Ctt  rrtnt. ) 

I>aubli*-Cnrrciit    Worklumr   — The 

employmenl,  in  systems  of  telegraphy,  by 
means  of  suitable  keys,  of  currents  from 
voltaic  balledes^  in  altetTiatcly  opposite 
directions,  thus  increasing  the  speed  of 
signaling.   (See  Working,  Reverse-Current) 

Donble-Flnld  Elt^rtrlcal  Hypothesis.— 
(See  Electricity,  Double-Fluid  Hypothesis 
of) 

Pouble-Fluiil  Toltaic  Cell.— (See  Cell, 
Voltaic,  Double-Fluid.) 

BoobU'-Ma^uet  Bjnamo -Electric  Ma- 
eliine. — (See  Machine,  Dynamo-Electric, 
Double^  Magnet) 

BoQble-Pen  Telegrraphle  Eeirister.- (See 
Register,  Double- Pen,  Telegraphic) 

II  o  n  b  1  e-Befk'actlou^ —  (See  Refraction, 
Double) 

Donble^Refraction,  Electric- (Sec  Re- 
fraction, Double,  Electric) 

Donble-Shiiokl<)  Insulator,— (See  Insula- 
tor, Double-Shackle) 

Donble-Shcd  InsnlatoFi — (Sec  Insulator, 
Pauble-Shed) 


Dottble-Tappor  Key.— (See  Key,  Doubu, 
Tapper) 
UMible-Toach,  Maj^nettzatlon  hj  — ^^ 

A  metliod  for  producing  magnetizatioa  by 
the  simultaneous  touch  of  two  magnet  poles, 
(Sec  Magnetisation,  Methods  of) 

Duable-traaginii^sioiL — (See  Trammii^ 
sion.  Double) 

Doable-Trolley.— (Sec  Trolley,  Dou^U) 

Doabler  of  Electricity,- An  early  fomiof 
continuous  clectrophorus*  (See  Electr§* 
phorus) 

Drin  I  n^  Torpedo,— (See  Torpedo,  Drifts 
*ig*) 

Drill,  Eleetro-Ma^netlo A  dnl^ 

applied  especially  to  blasting  or  mining  opcrai* 
lions,  opemlcd  by  means  ol  declridty,  i^ 

Drip  Loop,— (Sec  Loop,  Drip) 

Driven  Pulley,— (Sec  Pulley,  Driven) 

Drivea  Jihaft— (Sec  Shaft,  Driven) 

Driving  Pnlley.— (See P«//^,  Driving.'^ 

Driving  SliJift,— (See  Shaft,  Driving,) 

Driving  Spider.— (See  Spider,  Driving,}, 

Drop,  Auaiineiator A    movaWe 

signal  operated  by  an  elect ro-magnct,  and 
placed  on  an  annunciator*  the  droppinjf  of 
which  indicates  the  closing  or  opening  of  the 
circuit  with  which  the  electro-magnet  \h  con. 
nccted. 

The  falling  of  the  drop  may  be  attended  hjiht 
sounding  of  a  bell  or  other  alarm,  or,  it  ma/ {ire 
a  silent  indication^ 

Drop,  Annunciator,  Automatic A 

drop  for  an  annunciator,  which  on  the  dosing 
of  a  circuit*  falls  and  holds  the  diruit  dosd 
until  the  drop  is  raised. 

Drop,    Annunciator,  Grarlty A 

drop  for  an  annunciator  acted  on  by  gn\i(y 
when  released  by  the  movement  of  the  arma- 
ture of  an  electro-magnet. 

Drop,  Automatic A  device  for  au- 
tomatically closing  the  circuit  of  a  bdl  md 
holding  it  closed  until  stopped  by  resetting* 
drop. 


Dro,] 


175 


[Bjii. 


^ 


The  automatic  drop  is  especially  appUcahle  to 
glar  alarms.  On  the  opening  of  a  door  or 
lutter,  the  dosing  of  the  circuit  moves  the 
irmature  of  an  elec- 
tro -  magnet,  and, 
by  the  falling  d  a 
drop,  closes  the  cir- 
cuit  and  holds  it 
dosed  until  me- 
banlcallx  opened 
p  the  replacing  of 
be  drop.  The 
^ncral  appearance 
the  automatic 
op  is  shown    in 

.    __  An    an-      ^t-^^S*    AmUmaikDr^, 

nunciaior  drop  employed  to  indicate  to  the 
operator  in  a  telegraphic  or  lelephonic  syslem 

lat  one  subscriber  wishes  to  be  connected 
[with  another. 

0nip  of  Potcatlal.— (See  Potential,  Drop 

DroiiM,  Clearing'    Out Restoring 

ic  drops  of  annunciators   to  their  normal 
silion  after  they  have  been  thrown  out  of 
by  the  closing  of  the  circuits  of  their 
icts. 

cteaj-ing'OUt  devices  a**  place<l  on  most 
«cf  aiinuticiators  are  generally  iiicchaiiicai  in 
n. 

II  in    A  r  m  a  t  u  r  c% — (See    A  r mature, 
>rum,) 

Eleetro-Mafttetic —A  drum. 

in  feats  of  l^erdemain,  operated  by 
an  automatic  electro-magnetic  make  and 
brtak  apparatus. 

Hry      Blstlllatlon,— (See      Distmathm, 
Bry.) 

Dry  Electrode,— (See  EUctr&de,  Dry.) 
Ih-y  Pile,- (Sec  PiU,  Dry) 
Bry   Toltalc    C«a— (Sec   Cfll,    Voltaic, 
^.) 
Bub*M  Liiif  s. — (Sec  Laws,  Du^*s) 
Bopleic  CAble.— (See  CaM^,  Duplex:) 
Hnillex  Cot-Owt,— (Sec  Cut-out,  Duplex,) 


Bnplex   Flat    Cable,— (Sec    Cable,  Flat 

Duplex:) 

Dapk'X  Telei^raphj, — (See  TeUgraphy, 
Duplex,) 

Duplex  Wire.— (See  Wire,  Duplex) 

Duration  of  Electric  Dischargre.— (See 
Discharge,  Duration  of) 

Dnratlon  of  Make-lndiiced  Curretit— 
(Sec  Current,  Make  or  Break  Induced,  Du* 
ration  of) 

Dust    Figures,  Hehtenberg's   — 

(See  Figures,  Lichtenterg* s  Dust) 

Dyad. — ^A  chemical  element  which  has  two 
bonds  by  which  it  can  unite  or  combine  with 
another  element. 

An  element  whose  atomicity  is  bivalent* 

Dyeings  Electric -The  application 

of  electricity  either  to  the  reduction  or  the 
oxidation  of  tlie  salts  used  in  dyeing, 

GoppelsrOder^  in  hij  processes  of  eL'dric  dyeing^ 
forms  and  fixes  aniline  black  on  cloth  as  follows, 
viz.:  the  cloth,  saturated  with  an  aniline  salt,  is 
placed  on  an  insulited  metallic  plate,  inert  to  the 
aniline  salt,  and  connected  with  one  pole  of  a 
battery  or  other  electric  source,  Tlic  otiier  pole 
is  connected  with  a  metallic  plate  on  which  the 
required  design  is  drawn.  On  the  passage  of  tlie 
current,  the  design  is  traced  in  aTiiline  black  on 
the  cloth,  A  minute  or  two  suffices  for  the 
operation. 

A  species  of  electrolytic  writing  is  ohfciined  on 
cloths  arranged  as  alxivc  by  sul>stituting  a  carbon 
lencil  for  the  metallic  pUtc»  On  writing  with 
this  pencil,  as  with  an  ordinary  pencil,  the  pas- 
sage of  (he  current  so  directed  is  followed  by  the 
deposition  of  aniline  black. 

By  means  of  a  somewhat  similar  process  writ- 
ing in  white  on  a  colored  ground  is  obtained. 

Djmamle   Electricity.— (See  Electricity, 

Dynamic) 

Dynamics,  Electro That  branch 

of  electric  science  which  treats  of  the  action 
of  electric  currents  on  one  another  and  on 
themselves  or  on  magnets. 

The  principles  of  electro  dynamics  were  dis- 
covered by  Ampere  in  1821, 

A  convenient  form  of  apparatus,  for  showing 
experimentally  the  action  of  one  current  on 
anothcTi  consists  of  two  upright  metallic  columns 
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or  pillara,  which  support  horizontal  metallic  arms 
containing  mercuiy  cups^  y>  and  c,  Fig.   216. 

V 


r 


Fig-  2/6.     Dr^ctim  qf  a  Circuit  hy  a  Currmt. 

The  drcuit  is  beat  in  the  form  of  a  rectangle, 
circle  or  solenoid,  aad  terminates  in  points  that 
dip  in  the  mercury  cups.  The  current  is  led  into 
and  out  of  the  apparatus  at  the  points  -f-  and  — 
at  the  base  of  the  upright  supports. 

When  a  mag  net,  or  another  circuit,  is  ap- 
proached to  the  movable  circuit  thus  provided, 
attractioni  or  repulsions  are  produced  according 
to  thj  posit-on  of  the  magnet,  or  the  direction  of 
the  currents  in  tlie  two  circuits* 

If  a  magnet  A  B,  Fig»  217,  be  placed,  as  shown, 


J^tg^  iry.    D^*etitm  ^  tlrtnH  by  m  Mimgmti. 

below  the  movable  circuit  C  C,  the  circuit  will 
tend  to  place  itself  at  right  angles  to  the  aads  of 
the  magnet  This  raoTemcnt  is  the  same  as 
would  occur  if  ekctric  currents  were  drculating 
around  tlic  magnet  in  the  direction  of  the  assumed 
Amp^an  atrrents.  It  also  illustntej  the  prin- 
ciple of  the  electric  motor*  (See  Magmtism^  Am  - 
^e*s  Theory  of, ) 

Ampere  has  ^ven  the  results  of  his  ixiiTestigatkiiiB 
as  to  the  mntual  attractions  and  repulAons  of  cur- 


rents in    the   following   statements,   which  are 
knoi^'n  as  Amp^e't  Laws  : 

(1.)  Parallel  portions  of  a  circuit  attract  oae 
another  if  the  currents  in  them  are  flawing  in  Cite 
same  direction,  and 
repel  ooe  another  if 
the  ctirrents  are  flow. 
ng  in  opposite  direc- 
tions. 

A  current  flowing 
through  a  spiral  tends 
to  shorten  the  spiral 
from  the  attraction  of 
tlie  parallel  currents  in  contiguous  turns. 

Similar  poles  of  two  solenoids  repel  mch  other, 
13  at  A,  A',  Fig.  218,  because,  when  opposed  to 
each  other,  the  currents  that  produce  these  pola 
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Fi£,  ag.    Ampirr'i  Stamd. 

are  Oowitig  in  oppo^te  directions,  as  majr  be 
seen  trom  an  inspection  of  the  drawing. 

Dissimilar  solenoid  poles,  on  the  contrary,  at- 
tract each  other  as  at  A,  B,  in  Fig.  21 S,  since 


In 


p^ 


C 

F(f.  220.     Ehctr^ Dynamic  M/racfiam, 

the  currents  which  produce  them  flow  in  the  1 
direction* 

In  Fig.  219,  a  form  of  Ampere* s  stand  Is  shown, 
in  which  one  (sf  tlie  circuits  is  in  the  facxn  at  the 
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r ;  its  actioD  on  tlie  movibte  drcuit  C  6| 
^d  iu  since  the  currents;,  a^  shown,  mre 

I  in  &n  op[X»sitc  directloa  in  the  adjacent 

k  dthe  fixed  and  movable  circuits. 

a  wo  portions  of  a  circuit  intersecting  each 

patuaiy  attract  each  other  when  the  cur. 

i  both  iircuHs  flow 

^iawardi  or  from 

bt  of  intersecLion, 

kel  each  other    f 

pr  in  opposite  dU 

^  from  this  point* 

^  in  Yig,  2JO,  the 

b  in  both  drcuitf 

Id  A  B  C  D»  flow 

%  and   kt>m  the 

I  intersection  V,  and 


>^  O 


/ 
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Fig.  12 1.    Omtmitmtt 

attract  one  another 
{use  a  motion  tttUi/  tkt  two  anukts  are 

pcunrnts  fiaw  in  opposite  directions  thej 
ich  other,  and,  if  free  to  move,  will  come 
[When  parallel  to  each  other  ;  therefore, 
ptkvis  of  a  circuit  crossing  each  other  tend 
ll  until  the/  are  parallel,  and  their  currents 
^g  in  the  same  direction. 
Bucccssive  portions  of  the  circuit  of  the 
Mtilituar  fHFTtnt^  that  is,  a  current  flowing 

■  itraight  line,  repel  one  another. 

\  O  A,  Fig.  221,  movable  on  O,  as  a 


^ 


J  (\) 


i^ii'    yfmtmmi  Adifitt  ^  M^n4tic  Fitldt, 

Win  be  continuously  rotated  in  the  dircc- 
Ithccimred  arrow  by  the  rectilinear  cur- 
Q;  for»  the  directions  of  the  currents  being 
fn  by  the  arrows,  there  will  be  attraction 
\  (1)  aad  (3).  and  rcpulsioa  In  po- 

ause  of  the  mutual  attractions  and  rcpul- 
\  electric  circuits  will  readily  appear  from 
deration  of  the  mutual  action  of  their 

:  fietdi. 
L  tospection  of  Fig.  222  shows  x 


(f . )  That  parallel  ourcnts  flowing  in  the  same 
direction  attract,  became  tkrir  Untf  tif  fprce  have 
opposite  direcih^s  m  adjoining  parts  of  ih*  cir^ 
cuii  ofthfie  limes. 

(2.)  That  parallel  currents  flowing  in  epppsid 
directions  rtpe!^  hetausf  tketr  Hfies  of  force  ha'tk 
the  satne  direitions  in  adjoitting  pmrts  of  the  nr^ 
€uit. 

Tlicse  laws  may  therefore  be  generalized  thus, 
vii,:  Limes  of  magnetic  force  extending  in  oppo* 
site  dirt€ticms  attract  pme  anotker ,'  lines  of 
magftctic  force  extatdmg  in  the  same  directiom 
repel  one  another. 

Ampere  proved  that  a  drcuit,  doubled  on  itself 
so  that  the  current  flows  in  opposite  directions  in 
the  two  parts,  exerta  no  force  on  external  objects. 
This  expedient  is  adopted  in  resistance  coih  to 
prevent  any  disturbance  of  the  galvanometer 
needles.  He  also  showed  that  a  sinuoHs  ciratit^ 
or  one  bent  into  xt^zags,  produces  the  same  effects 
of  attraction  or  repulsion  as  it  would  if  it  were 
straight.     (See  Coil^  Resistance,) 

The  term  sinuous  current  is  sometimes  applied 
to  the  current  in  a  sinuous  circuit.  (Sec  Cnrrmt, 
Simucnds,}  This  must  be  distinguished  trom  the 
term  smusoiclal  current,  which  applies  to  fluctua- 
tions in  the  current  and  not  to  peuntiaritics  in  the 
shape  of  the  conductor. 

When  two  inclined  magnets,  free  to  more,  arc 
left  to  their  mutual  attractions  and  repalsions,  they 
gradually  come  lo  rest  with  their  axes  parallel  to 
each  other. 

Two  conductors  through  which  electric  etir- 
rents  are  flowing  act  on  one  another  as  two 
magnets  wouhl. 

A  conductor  conrcying  a  current  of  electricity 
tends  to  rotate  round  a  magnetic  pole.  .\  mag- 
ncdc  pole  tends  U>  rotate  continuously  round  an 
electric  current. 

The  motion  of  a  magnet  near  a  conductor 
produces  an  electromotive  force  in  that  conductor 
provided  theconductur  cuts  the  lines  of  force. 

A  magnetized  substance  becoms  magtietized 
when  placed  in  a  ma^etic  field. 

A  conductor  through  which  a  current  of  elec- 
tricity is  pa&sing  tends  to  wrap  itself  around  a 
neighboring  magnetic  pole.  The  following  ca- 
periments  illustiate  this  tendency: 

(1.)  The  experiment  suggested  by  Lodge:  A 
powerful  current  of  electricity  is  passed  through 
•ome  eight  feet  in  length  of  gold  thread  such  as 
is  employed  for  making  lace.  The  thread  it 
hung  in  a  vertical  position,  near  a  vertical  bar 
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magnet.  As  soon  2s  the  current  pisses,  the 
thread  will  wrap  itself  around  the  bar  magnetp 
one  half  of  it  twisting  itself  round  the  north  pole, 
the  other  half  round  the  south  pole. 

(2,)  The  ex pt^ri men t  suggested  by  Professor  S, 
P.  Thompson  I  An  electric  current  is  sent  through 
a  stream  of  mercury  while  it  is  flowing  between 
two  poles  of  a  powerful  clectro-magnct;  when 
the  current  is  sent  through  the  magnet^  the 
stream  is  twisted  in  spiral  directions  which  vary* 
either  with  Ihe  direction  of  the  current,  or  with 
the  direction  of  the  magnetic  polarity. 

(3  J  Somewhat  similar  effects  can  Ijc  shown  by 
the  rotation  of  a  stream  of  gas  round  a  magnetic 
pole  placed  in  an  exhausted  glass  receiver. 

Dynamo,— The  name  frequently  applied  to 
a  dynamo-electric  machine  used  as  a  gener- 
ator.    (See  AfachtHe,  Dynamo-Elictrn,) 

1>jiiatii<>  Balanehii^  IMH>^OBtdt. — (See 
Rheastaty  Dynamo  Balancing,) 

I)ynaiu(i-Batterj. — (See  Battery,  Dy- 
nantiK) 

Dynamo  Bnish  Trimmer, — (See  Trim- 
mer, Dynamo  Brush  \ 

Bjnomo,      ComposiHi^-Fiold     — A 

d3mamo  whose  field  coils  are  series  and 
separately  excited. 

Additional  separately  excited  coils  placed  on 
the  field  of  a  series  wound  dynamo  render  it  self- 
regulating. 

A  composite  dynamo  is  a  form  of  compounded 
dynamo. 

Byaamo*  Compoiind-Woimd.— A  com- 
pound-wound dynamo-electric  machine.  (See 
Machine,  Dynamo-Electric,  Comfnnmd- 
Woumij) 

Dynamo,  Contact A  form  of  dyna- 
mo in  which  the  space  between  the  arma- 
ture and  field  magnet  poles  is  so  reduced  thai 
they  actually  touch  one  another. 

In  contact  dynamos  lioth  field  and  armature 
revolve.  This  form  of  dynamo  has  not  been  very 
successful  in  practice* 

Bynamo-Eleetrfc  Machine,— (See  Ma^ 
chine t  Dynamo* Elect rii\) 

Djnamo-Eleetrie  Hachine,  Alternatingr 
Current  ^(See  Machine,  Dynamo- 
Electric,  Alternating  Current,) 


Dynamo-E  lee  trie   Machine  Arnuii 

(See  Armature,  Dynamo- Electric  Ma 

Bynamo-Electric      Machine     Affl 
Colls, — (See  Coils ,  Armature ^  o/\ 
EUttric  Machine,) 

Dynamo-Electric      Machine 
Core. — (See  Core,  Armature,  of] 
Electric  Machine,) 

D)  nam^'Electrio     Machine     Bai 
(See  Battery,  Dynamo^Electric  Mack 

Dynamo-Electric  Maciiine,  Bi-P^ 
— (See     Machine,     DynamO'Eiti 
Polar,) 

Dynamo-Electric    Machine,     Coll 

Brii»hes  of (See  Brushes, 

of  Dynamo-Electric  Machine.) 

Dynamo-Eieetric    Machine  C4) 

(See  Commutator,  Dynmn 

Machine.) 

DyntitiLo-Electric    Machiite* 

Wound   — ^{See     Machinet 

Electric,  Compound-  Wound.) 

Dynamo-Electric  Macliinc,  Oeni 
Cn  rre  n  t   l>y —  See   Curren /, 


tion  of,  by  DynamO'Electric  Mad 
Dynanio-ElectrJc  Machine,  Ff^ 

nets (See  Magnets,  Field,  of  I^ 

Electric  Machine) 
Dynamo-Electric    Machine,   M< 

Iricreasiiig:  the  ElcflriMiiotive  Foi 

riited  l>y ^(See  Force,  Eiectri 

Generated   by    Dynamo-Electric  Mi 

Method  of  Increasing.) 

Dynamo-Electric  Machine,    Moi 

Sir  William   Thomson's (Se 

chine,    Dynamo-Electric,   Mouse^^^M 
IVilliam  Thorn  soft' 5.)  ^B 

Dyiiami>-Electrlc    Machine,    Mai! 
— (See      Machine,    Dynami 
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Multipolar.) 

Dynamo-Electric  Machine,  Pol<^-PI 

— [Si^e^  Pole-Pieces  of  Dynamo-E 

Machine^ 
Dynamo-Electric  Machine,  Re  vers 

of  — ( See  Afach in ,\    DvfSiiw o~2 
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Djnmmo-Electric  3larhliw»,  Tarleties  of 

— 1^*=^    Miicktn(\    Dynam&'EUctric^ 

Varieties  of,) 

OjriULiDO,     Indaoter A     dynamo- 

elccuic  machine  for  alternating  currents  in 
which  the  difTerences  of  potential  causing  the 
currents  arc  obtained  by  magnetic  changes  in 
the  cores  cf  the  armature  and  field  coils  by 
the  movement  past  them  of  laminated  masses 
of  iron  inductors* 

The  coik  corresponding  to  the  armatme  and 
Md  magnets  of  the  ordinary  dynamo  are  sta- 
IMU7*  The  laminated  masses  of  iron,  employed 
to  czusc  magnetic  changes  in  the  cores  of  the  ticM 
and  UTiiature  coils,  are  fixed  on  an  inductor  wheel 
whkh  is  rapidly  revolved  in  front  of  them.  The 
niA^etl  corrcfpondmg  to  the  field  magnets  arc 
called  the  prim^iry  pules,  and  are  magnetized  by 
an  esdter.  The  magnets  corresponding  to  the 
lure  are  called  the  secondary  poles  and  arc 
L  so  as  to  alternate  with  the  primary  poles. 
The  inductors  are  so  shap^ed  that  they  carry  the 
magnetism  of  one  pole  of  the  primary  magnet 
to  the  secondary  poles  when  (he  inductor  is  in 
one  position,  and  of  the  opposite  pole  when  in  a 
ili^hily  different  position.  The  inductor  wheel 
dkerefore  acts  as  a  magnetic  commutator  and 
changes  the  position  of  the  secondary  magnet  as 
it  rotates,  thus  producing  electromotive  force. 
The  number  of  alternations  per  revolution  is 
equal  to  twice  the  number  of  inductors  placed  on 
the  inductor  wheel 

I>yiiaroo.  IiiTerted A  dynamo-elec- 
tric machine  m  which  the  armalurc  bore  or 
chamber  is  placed  below  the  field  magnet 
coils. 

The  term  inverted  is  used  in  contradistinction 
I0  tlic  overtype  dynamo.     (See  Dynnm^^y  Ovtr- 

lljiuuno,   Mottft*^   Mill A   form   of 

k'  dyvumo-<lectric    machine    designed    by    Sir 
William  Thomson  to  act  as  the  replcnishcr  of 
ODe  of  his  electrometers.     (See  Replenish er.) 
Ilpuuno,  Multlpbase A  polyphase 

dynamo.  (See  Dynama,  Polyphase,  Dyna^^ 
HA  Rotating  Current,) 

HynAmo,  Orertype A  dynamo- 

electric  machine,  the  armature  bore  or  cham- 
ber of  which  is  placed  above  the  field  magnet 
coils  insiead  of  below  them  as  in  many  forms. 


The  overtype  form  of  dynamo  possesses  tha 
advantage  of  better  avoiding  magnetic  leakage. 

Bjiianin,  Poly  phase A  name  some* 

limes  applied  to  a  rotating  current  dynamOi 
(See  Dynamo,  Rotating  Current,) 

DyDanio,  Pyromasrnetlc A  name 

sometimes  applied  to  a  pyromagnetic  gen- 
erator,    (See  Generator,  Pyromagnetic.) 

Dynamo^    Rotary-Phtt»e —A     term 

sometimes  employed  for  a  rotating  current 
dynamo.     (See  Dynamo^  Rotating  Currents) 

Bynaino,    Separat4*ly»Exclted  — -A 

separately-excited  dynamo-electric  machine. 
(See  Machine,  Dynamo-Electric,  Separ- 
ately-Excited?) 

Dynamo,  Series A  series-wound 

dynamo-  electric 
machine.  {S^^  Ma- 
chine, Dynamo^ 
Electric,  Series* 
Wound) 

Dyoanio,   Shunt 

— A  shunt- 
wound  dynamo- 
electric  machine, 
(See  Machine, 
Dynamo  -  Electric, 
Shunt'  Wound.) 

Bynamo^raph. 
—  A  term  some- 
times applied  to  a 
type-wriling  tele- 
graph that  records  Ji  'B^^  BF^^ 
the  message  in 
type-written  char- 
acters, both  at  the 
sending  and  the 
receiving  ends. 

Bynamometer. 


F 


— A  name  given  to  ^ 

a  variety  of  appar-    rig.  23s*   /V«r«w»  I>yna- 

atus  for  measuring  mtrmtifr, 

the  power  of  an  engine  or  moton 

In  all  dynamometers  the  strain  on  the  belt  of 
other  moving  part  is  measured,  say  in  pHjuods, 
and  the  speed  of  the  moving  part  is  also  measured 
in  feet  per  second,     TTie  product  of  the  strain  in 
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pou&ds  b7  the  velocity  In  feet  per  seoondf  di- 
vided bf  550,  will  give  the  horse  power* 

One  of  the  many  forms  of  dynamometer!  is 
shown  in  Fig,  223,  It  is  known  as  Parsons'  Dy- 
namometer. 

The  driving  puUcy  is  shown  at  A,  and  tiie 
driven  pulky  at  C*  Weights  hung  at  Q^,  arc  va- 
ried so  as  to  maintain  the  axes  of  the  suspended 
pulleys,  D  and  B,  as  nearly  as  possible  at  the 
same  height*  Then  the  tension  Tj  and  Tj«  on 
the  sides  O  and  0\  of  the  belts,  will  be  repre* 
seated  by  the  following  equation  : 

T  -T  -L=:£ 

from  which,  knowing  the  belt  speed,  the  horse 
power  may  be  deduced. 

There  are  sevt:ral  other  forms  of  dynamometer, 
snch  as  the  cradle  dynamometer,  in  which  the 
machine  is  supported  on  knife  edges  and  the 
torque  or  puU  exerted  on  or  by  the  machine  ia 
balanced  by  weights  sliding  on  a  lever*  In  these 
dynamometers  the  power  is  transmitted  through 
them  and  they  are  therefore  called  transmission 
dynamometers. 

Dynamometer,  Elwtro  — — ^-A  form  of 
galvanometer  for  the  measurement  of  electric 
currents. 

In  Siemens'  Electro-Dynamometer,  shown  in 
Fig.  224,  there  arc  two  coils ;  a  fixed  coil,  C,  se- 
cured to  an  upright  support,  and  a  movable  coil, 
L,  consisting  often  of  but  a  single  turn  of  wire. 
The  movable  coil  is  suspended  by  means  of  a 
thread  and  a  delicate  spring,  S,  capable  of  being 
twisted  by  turning  a  milled  screw-hcad  through 
an  angle  of  tonuon  measured  on  a  scale  by  means 
of  an  indcjc  connected  to  the  screw-head.  The 
two  ends  of  the  movable  coil  dip  into  mcrcuiy 
cups  so  connected  that  the  current  to  be  measured 
passes  through  the  fixed  and  movable  coils  in 
series. 

When  ready  for  use  the  movable  coil  is  at  right 
angles  to  the  fixed  coil.  The  current  to  be  meas- 
ured is  then  sent  into  the  coils,  and  their  mutual 
action  lends  to  place  the  movable  coil  parallel  to 
the  fixed  coil  against  the  torsion  of  ihc  spring,  S. 
The  amount  of  this  force  can  be  ascertained  by 
determining  the  amount  of  torsion  required  to 
bring  the  movable  coE  back  to  its  zero  positioa. 


Since  the  same  current  passes  through  both  fhdl 
fixed  and  movable  coils,  aiid  they  both  act  on 
each  otheTf  the  deflecting  force  here  is  evidenllf 
proportional  to  the  square  of  the  strength  of  thfe 
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current  to  be  measured.  The  deflecting 
and  consequently  the  current  strength,  is  there- 
fore  proportional  to  ihe  square  root  of  the  angle 
of  torsion,  and  not  directly  to  the  angle  of  lor^ 
ston, 

Byne. — The  unit  of  force. 

The  force  which  in  one  second  can  impart 
a  velocity  of  i  ceniimctre  per  &econd  to  a 
mass  of  I  gramme. 

The  dyne  is  the  unit  of  force,  or  a  force  capa- 
ble, after  acting  for  one  second  on  a  mas  of  I 
gramme,  of  giving  it  a  velocity  of  I  centimetre 
per  second .  The  wdghi  of  a  Ixnly  i  u  dyn^St  or  the 
force  with  wliich  it  gravitates,  is  e«]ual  to  its 
mass  in  grammes,  multiplied  by  the  acceleration 
imparted  to  it  in  centimetres  per  second*  For 
this  latitude  the  acceleratiOin  is  about  9S1  cent^ 
meti«;»  per  second. 
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L — A   contraction    sometimes    used    for 

tk 

A  contnkctian  sometimes  used  for  elect  ro- 
moii\ne  force,  or  K,  M,  F^  as  In  the  well- 
^mown  formula  for  Ohm^s  law. 


B.  M,  I>,  P,— A  contraction  for  electro- 
live  diHcrcncc  of  potential.  (See  Foiefi" 
\  Differmct  of^  Ehciromaitvt,) 

K.  M.  P. — A  contraction  generally  used  for 
tromotive  force.  (See  Force,  EleclrO' 
motive^ 

Earth. — A  fault  in  a  telegraphic  or  other 
line,  caused  by  accidental  contact  of  the  line 
wth  the  ground  or  earth,  or  with  some  con- 
ductor connected  with  the  latter. 

I  This  is  more  frequently  called  a  ground* 

^^  £«rths  are  of  three  kinds,  viz.: 

^H  (I)  Den  J  or  ToftH  Earth, 

^H  (2.)  Partial  Earth, 

^H  (3,)  Inttrminait  Earth, 

^^BTfac  terns  earth  is  also  applied  to  a  plate  huried 

^^Blbe  ground*  and  intended  to  make  a  good  con- 
tact between  the  earth  and  a  wire  circuit,  which 
a  connected  with  the  plate. 

Earth  Circuit— (See  Circmt,  Earth) 

Earth -Circuited  Coudiietor.— (See  Can* 
4MCt4fr,  Earth-Circuited?! 

Earth  Carrentik— Electric  currents  Bow- 
ing through  different  parts  of  the  earth  caused 
by  a  difference  of  potential  at  different  points. 

The  causes  of  these  differences  of  potential  are 
iifioQS  axkd  are  not  well  understood. 

Earth,  Bead  or  Total —A  fault  in 

a  tdegraphic  or  other  line  in  which  the  line 
a  thoroughly  grounded  or  connected  with 
lie  earth. 

Bead  earth  b  aometimes  called  tet^t  earth« 

Btflki^roiindcil  Wire,— (See  Wire, 
Earth-Gra^umied  ) 

Earth*  Int^nnltteat — A  swinging 

caitK    (See  Earthy  Swingiti^  or  Intermit* 

Earth  or  Gn^iuid. — That  part  of  the  earth 


or  g^round  which  bnns  part  of  an  dectric 
circuit* 

A  circuit  is  put  to  earfA  or  ^routiJ -wh^sx  the 
earth  is  used  for  a  portion  of  the  circuit. 

Tbc  resistance  of  an  earth  connection  may  vary 
in  time  from  the  following  causes,  viz.: 

(1.)  The  corrosion  of  the  ground  plate.  Thf  s  h 
especially  apt  to  occur  in  the  case  of  a  copper 
plate. 

(2.)  From  polarizadon,  a  counter^electro- 
motive  force  being  produced,  thus  introducing  a 
jpurimis  rtsittatice  into  the  circuit.  (See  Resist* 
nftcc'j  Spurious,) 

Earth,  Partial A  fault  in  a  tele- 
graphic or  oiher  line  in  which  the  line  b  in 
partial  connection  with  the  earth. 

The  term  partial  earth  is  used  in  contradbtinc- 
tion  to  dead  or  total  earth. 

Earth,  Return A  circuit  in  which 

the  return  current  passes  back  to  the  soutce 
through  the  earth. 

Earthf  Swin^iDf  or  Intermittent  -^— 
— A  fatilt  in  a  telegraphic  or  other  hne  m 
which  the  action  of  the  wind,  or  occasional 
expansion  by  heat  brings  the  line  into  inter- 
mittent contact  with  the  earth. 

Earth,  Total   — A  term  sometimes 

used  for  dead  earth.  (See  Earthy  Dead  or 
Totaii) 

Ebonite, — A  tough,  hard,  hlack  substance^ 
composed  of  india  rubber  and  sulphur,  which 
possesses  high  powers  of  insulation  and  o£ 
specific  inductive  capacity. 

Ebonite  is  often  called  vulcanite. 

Vulcanite  rubl>cd  with  cat-skin  acts  as  one  of 
the  best  known  substances  for  becoming  electri* 
fied  by  friction.  For  this  purpose  both  substancea 
should  be  thoroughly  dried. 

Economic  Co-efficient  of  I>ynarno-Elee- 
tric  Machine — (See  Ct^-efficicnt^  Econamic^ 
of  a  Dynamo-Eliectric  Afackine.) 

Eddy  Currents.— (See  Currents,  Eddy.} 

Eddy  CnrrimtB,  Beefi-Seated *{Sce 

Currents,  Eddy,  Derp-Seated.) 

Eddy  Currents,  Saperflctal ^Sce 

Currents,  Eddy,  Superficial ^^ 


Eddj-Blspljiceineiit  CiiiTeiits,^(5ee  Cur*- 

rtnts^  Eddy-DisplacemefU^ 

Eel,  Electric An  eel  possessing 

the  power  of  ^vtng^  powerful  electric  shocks. 

The  g^mnotus  clectdcus. 

The  electricity  is  produced  by  an  organ  ex* 
tending  the  entire  length  of 
the  bcKiy. 

According  to  Faraday^  the 
shock  given  by  a  specimen 
of  the  animal  examine<j  by 
him  was  equal  to  that  of  15 
Ley  den  jars,  having  a  total 
•urCice  of  25  square  feet. 
Fig*  225  shows  the  general 
appearance  of  the  animaU 

Effect,  AchcsoiL  ^-^- 

The  increase  in  the  electro- 
motive force  of  the  sec- 
ondary of  a  transformer  by 
the  action  of  the  changes 
in  temperature  of  its  core, 
(See  Electricity,  Cat) 

Effect^   Chemical  - 

—The  effect  occasioned  by  atomic  combina- 
tion, which  results  in  a  loss  of  those  properties 
or  pecyliarities  by  which  the  substances  en- 
tering into  combination  are  ordinarily  recog- 
mzed. 

Atomic  combinationp  nesultirig  in  the  Cor- 
mation  of  new  molecules 

The  formation  of  new  molecules  necessitates  the 
possession  by  the  new  substance  of  properties  dis^ 
tinct  and  separate  from  those  of  its  constituents, 

Bbck  carbon,  and  ydlow  fulphur,  for  example, 
both  solids,  unite  chemically  to  form  a  trans* 
parent  colorless  liquid. 

Chemical  changes  differ  from  physical  changes, 
which  latter  can  occur  in  a  substance  without  the 
formation  of  new  moleoilcs,  and  consequently 
without  the  loss  by  it  of  the  properties  it  ordi- 
narily possesses* 

Thus  a  sheet  of  vulcanite,  electrified  by  Action, 
itill  retains  its  characteristic  density,  shape,  color, 
etc. 

Effwt,    Coimt^r-IndiictlTe  —  —The 

opposai  of  current  or  charge  by  means  of  a 
counter-electromotive  forc€  produced  by  in- 
duction. 


In  the  Thomson  cotrnter-ckctromottve  iorai 

lightning  aiTcster,  a  counter-electromotive  forc^ 
produced  by  the  inductive  effects  of  the  passa^ 
of  the  bolt  to  earth,  protects  the  instrument  by 
opposing  the  passage  of  the  !>olt.  (See  Arrest^^ 
Ugklning^  CouMer-EitctrQmotive  Force,) 

Effect,  Edbou  ^— ^An  electric  dis- 
charge which  occurs  between  one  of  the  tcf 
minals  of  the  incandescent  filament  of  m 
electric  lamp,  and  a  metallic  plate  placed  near 
the  filament  but  disconnected  therefrom,  as 
soon  as  a  certain  difference  of  potential  is 
reached  between  the  lamp  terminals. 

The  effect  of  the  discharge  is  to  produce  a  cttf  • 
rent  in  a  circuit  connected  to  one  pole  of  the  lamp 
terminals  and  the  metallic  plate,  as  may  be  sbowa 
by  means  of  a  galvanometer. 

Effect,  Electrotonlo  — ^  —An  altered 
condition  of  excitability  of  a  nerve  produced 
when  in  the  clectrotonic  state.  (See  BUc* 
trot  opt  us,) 

Effect,  Faraday The  rotation  of 

the  plane  of  polarization  of  a  beam  of  plane 
polarized  light  by  its  passage  through  a 
magnetic  field. 

Lodge  suggests  the  following  explanation  for 
the  Faraday  effect :  As  is  well  known,  a  strongly 
magneti2cd  medium  possesses  a  difTerent  magnetic 
susceptibility  to  additional  magnetizing  forces  in 
the  same  direction  than  it  does  in  the  opposite 
direction.  It  therefore  follows  that  the  vibra- 
tions are  resolved  into  two  opposed  circular  com- 
ponents, which  travel  through  the  medium  with 
diflerent  rates  of  velocity,  since  one  tends  to  mag< 
ncUze  it  and  the  other  to  demagnetize  it.  The 
plane  of  rotation  will  therefore  be  rotated. 

He  also  suggests  the  following  explanation  for 
the  Faraday  effect,  viz,:  He  assumes  that  the 
Amp^rian  molecular  currents  in  such  substances 
as  exhibit  rotation  in  a  magnetic  field  do  not 
consist  of  two  equal  and  opposite  electrical  car* 
rents,  but  that  one  of  the  currents  is  shghtiy 
stronger  than  the  other.  Suppose,  for  example, 
that  in  iron  the  positive  Ampdrian  current  is 
weaker  than  the  negative,  and  that  the  ether  as 
a  whole  is  rotating  with  the  negative  current 
Any  ethereal  vibration  entering  such  a  medlttm 
will  t>egin  to  screw  itself  in  the  direction  opposed 
to  that  of  the  magnetizing  current.  In  copper, 
or  other  similar  substances,  the  rotation 
take  place  in  the  opposite  direction. 
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B      EIDpct,  Ferrantl An  increase  in  the 

■  dcctromotive  force,  or  difference  of  potcnlia!. 
ol  mains  or  conductors  towards  the  end  of  the 
same  farthest  from  the  terminals  that  are  ron* 
oected  with  a  source  of  constant  potential 

The  Fcrranti  cflecl  referj  to  tlie  increase  of  the 

dectromotive  force  on  the  maina  employed  in 

WfiibemB  for  the  transmission  of  electrical  energy 

I       hf  means  of  alternating  currents.     It  was  found, 

fbr    example,     in    the    currents    used    on    the 

I       mMkaa  connected  with  one  of  Mr.  Fcrranti's  alter- 

■attittg  dynamofl  and  leading  to  the  town  of  Dept- 

iord«  that  instead  of  Coding  a  drop  of  potential  at 

tbe  ends  of  the  mains  farthest  from  the  dynamo, 

as  was  expected^  a  notable  increase  in  the  poten- 

tiai  occurred.     These  cHects  were  observed  dur- 

ijjg  the  laying  of  the  mains.     Testing  the  poten- 

^^Ul  by  placing  an  incandescent  lamp  in  the  circuit 

^Heross  the  mains,  the  increase  of  the   potential 

^^pith  the  increase  of  the  length  of  the  main  was 

^^iown  by  the  increased  brilliancy  of  the  light  of 

^e  incandescent  Ump, 

Various  explanations  have  been  given  as  the 
cause  of  the  Ferranti  effect. 

Eil^t,  Hall A  transverse  elec- 
tromotive force,  produced  by  a  magnetic 
,  6dd  in  substances  undergoing  electric  dis- 
phoement. 

This  transverse  electromotive  fon^  is  probably 


Fif.  1^6.    HaU  Efffct. 
die  to  Diagnctic  whirls,  in  a  manner  similar  to 
He  Faraday  effect* 

Hk  iiall  effect  is  produced  by  placing  a  very 
ttft  mety&c  strip,  conveying  an  electric  current, 
ii  a  Upeog  fna^etic  field. 
IWcfOit  A  B  C  D«  Fig.  2261  is  cut  oat  of  a 


gold  leaf  or  other  very  thin  metallic  ihect  The 
ends  A  and  B,  are  connected  with  the  terminaU 
of  a  battery  S,  and  the  ends  C  and  Dt  with  the 
galvanometer  G. 

None  of  the  battery  current  can  therefore  flow 
through  the  galvanometer, 

Ifj  now,  the  metallic  cross  be  placed  in  a  power, 
fill  magnetic  field,  the  lines  of  force  of  which  ate 
perpendicular  to  the  plane  of  the  cross,  the  deflec- 
tion of  the  galvanometer  needle  will  show  the 
existence  of  a  current,  which,  if  the  battery  cur- 
rent flows  in  the  direction  of  the  arrow;  or  from  A, 
to  B,  and  the  lines  of  magnetic  force  pass  through 
the  paper  from  the  front  to  the  back  *>/  the  sheets 
when  the  cross  is  formed  of  gold»  silver,  platinum 
or  tin^foil^  will  flow  through  C  D,  from  C  to  D, 
but  in  the  opposite  direction  if  formed  of  iron, 
Thcae  effects  cease  if  the  conductor  is  increased 
vix  thickness  beyond  a  certain  extent* 

As  regards  the  production  of  the  Hall  efllect  by 
the  influence  of  a  magnetic  Beld  on  conductors, 
Mr.  Shelford  Bidwell  suggests  that  since  magnet- 
ism affects  the  conductivity  of  metals  in  a 
complicated  manner,  it  is  possible  that  metallic 
substances  conveying  an  electric  current  in  a 
magnetic  field  are  more  or  less  strained  by  the 
mechanical  forces,  and  that,  therefore,  heat  may 
be  unequally  developed^  and  that  the  resistance 
thus  being  modifled  in  places,  there  may  he  pro- 
duced disturbances  of  the  flow  which  may 
rapidly  produce  in  part  a  transverse  electromotive 
force. 

Effeet,  Hall,  Real  ~ A  transverse  elec- 
tromotive force  produced  in  conductors  con- 
veying electric  currents,  by  magnetic  whirls, 
in  a  manner  similar  to  that  in  which  the  Far- 
aday effect  is  produced.  (See  Efftct^  Fara^ 
day.) 

EiriBct,  Hall,  8pnrlan» An  appa- 
rent transverse  electromotive  force  produced 
in  conductors  conveying  electric  currents  in 
magnetic  fields,  by  changes,  produced  by  mag- 
netism, in  the  conductivity  of  the  metals,  and 
the  consequent  production  of  local  distur- 
bances in  the  electrical  flow,  thus  resulting 
in  an  apparent  transverse  electromotive  force. 

Effi^ct,  Inipnlgfon The  restoration 

or  loss  of  sensitiveness  of  a  photo-voltaic  eel* 
to  the  action  of  light,  produced  by  means  of 
an  impulse  such  as  that  of  a  tap  or  blow,  of 
electro-magnetic  impulse. 
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■atuieof  tfie  mctdis^  or  from  a  difference  of  tern- 
pcnCnie  in  thesunc  taetal." 

Sffbct,     TulUte A    difference    of 

potcntlil  obsen^cd  at  the  point  of  contact  of 
two  dls&imiUr  metals. 

This  difference  of  potential  w*3  formerly  as. 
cnbed  to  the  mere  contact  of  dissimilar  meUls* 
itid  is  eircn  yet  believed  by  some  to  be  due  to 
such  contact.  It  is,  however,  perhaps  more  ac- 
curately ascribed  to  the  gnatx*  aftinity  of  oxygen 
of  the  air  for  the  positive  metil  thin  for  the 
negative  metal ;  that  is«  to  a  chemical  action  on 
the  positive  clement  of  a  voltaic  couple. 

nfeetlTD  EleetromotlTe  Farf^,— (Sec 
F^ree,  EiiCtromotive,  Effective^ 

EffectlTe  Secondary  Eli^ftromotive 
F^rc^.— (See  Forct\  Electromotive^  Seamd- 
^fj.  Effective?^ 

Effects  af  Capilturity  on  Toltalo  CelK^ 
(Sec  Capillarity,  Effects  of^  on  VoUaic  CelL) 

Efficiency,  Commprc J  al The  useful 

Or  availatile  energy  produced  divided  by  the 
total  energy  absorbed  by  any  machine  or  ap- 
paratus* 

The  Commercial  Effidency  =» 
W  _  W 

M  \V  4-  w  "|-  m, 
« toi  W  ^  the  useful  or  available  energy ;  M  ^^ 
the  total  enen^y;  w,  the  eneri;y  absorbed  by  the 
machine,  and  m,  the  stray  power,  or  power  lost 
«  Mction  of  bearings,  etc.,  air  friction,  eddy  cur- 
icat9»  etc* 

EfDcienCf ,  Coraraercial,  of  Byiiamo > 

-*The  useful  or  available  electrical  energy  iri 
the  external  circuit,  divided  by  the  total 
mechanical  energy  required  to  drive  the 
dynanio  that  produced  it.  (Sec  Co-efficient, 
Ectm^mi^tOf  41  Dynamo-Ehctric  Machine) 

■■etooeTt  B«ctrio The  useful  or 

tiaiSable  electrical  energy  of  any  source, 
ifivldcd  by  the  total  electrical  cnerg)-- 

W 

Tho  electric  cfBdcncy  = ,  where  W, 

W-f  w 

c«il9  the  useful  or  araHabte  electrical  energy, 

tad   w«  tho  electrical  eno^y  absorbed  by  the 

oncbiDt. 

BOeleiiej  of  C^^iiTi^rHlon. — The  t^tio  bc^ 

fUtecn  the  energy  present  in  any  result  and 

^he  energy  expended  in  producing  that  result. 


Effielenej  of  ConTendon   of  Dynaaifiw— 

(See  Conversion,  EfficiencY  of,  of  Dynamo^ 
EfDcleaey  of  Traasformer.— (See  Trans- 
former, Efficiency  of) 

Effieleney,  ttQAnUty,  of  Stora^  Battery 

The  ratio  of  the  number  of  arapore- 

hours  taken  out  of  a  storage  or  secondary 
batter)%  to  the  number  of  ampere-hours  put  in 
the  battery  in  charging  it. 

Efllci**ney,  Kinil,  of  Storage  Battery 

— The  ratio  of  the  number  of  watt>hours 
taken  out  of  a  storage  batter>%  to  the  number 
of  watt-hours  put  into  the  battery  in  charg- 
ing it, 

EOiorescence. — The  dr)4ng  of  crystals  by 
losing  their  water  of  cn'stallization  and  be- 
coming pulverulent  or  crumbling. 

The  term  is  sometimes  loosely  applied  to 
the  deposition  of  solid  matter  by  the  crystal- 
lization of  a  salt,  abo%'e  the  line  of  the  liquid, 
on  the  surface  of  a  vessel  containing  a  vaporii- 
able  saline  solution. 

The  li^piid,  by  capillarity  in  a  porous  vessel,  or 
by  adhesion  to  the  walls  of  an  impervious  vessel, 
rises  atx)vc  the  level  of  the  main  Hqutd  line,  and, 
evaporating,  deposits  crystals  on  the  vcsseL 

This  process  is  technically  called  cr^pimg^  and 
is  often  the  cause  of  much  annoyance  in  voltaic 
cells. 

EjTf ,  Fhilosoiiher's  - —  --A  name  given 
to  the  ovoidal,  or  egg-shaped  mass  of  light 
that  appears  when  a  convective  discharge  is 
taken  between  two  electrodes  in  a  partial 
%Tu:uum. 

The  philosopher's  egg  is  but  one  of  the  shapes 
assumed  by  the  convective  discharge,  (See  IMt' 
ctiAirge^  Camfcctivt.) 

Elastfclty,  Elwtric  —  —The  quotient 
arising  from  dividing  the  electric  stress  by 
the  electric  strain. 

It  can  be  shown  mathematically  that  the  elec- 
tric elasticity  is  Cfjual  to  4,  or  4  x  3.1416^  divided 
by  the  specific  inductive  capacity. 

Elwtrciwti*r. — An  instrument  for  chang- 
ing the  direction  of  an  electric  current. 

The  old  term  for  switch,  key,  or  pole  cbaaftr. 
{Ohsclett,) 

Electric, — Pertaining  to  electricity. 
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Eleeirlc  AbeoTption. — (See  Absorption, 
El€Ctru\) 

Electric  Acontemeter,— (See  Acoutemt- 
ier,  EUctrk^) 

Electric  Actinometer. — (S«e  Actinomeur, 
Ekciric) 

Electrics  Adhesion.— (Sec  Adhesion,  EUc- 
iric\) 

Electric  A^in^  of  AlcolioL— (Sec  AIco^ 
hoi,  Elecfric  Aging  of.) 

Electric  Alarm,— (Sec  Alarm,  Electric) 

Electric  Alarm  SpcalLlng-Tabe  Moatli- 
Pieee,— (See  Speaking-Tube  Mouth-Fiece, 
Electric  Alarm.) 

Electric  Amalgam.— (See  Amalgam, 
Electric) 

Electric  Am niunitf  on  Uolst — (See  Hoist, 
Ammunition,  Eire  trie.) 

Electric  Analysli.— (See  Analysis,  Elec* 
trie) 

Electric  Analyrer, — (Sec  Analywer,  EUc^ 
trie.) 

Electric  Aiiemoiueter,^(Sec  Anemome^ 
ttr.  Electric) 

Electric  Annealini^, — (See  Annealing, 
Electric) 

Electric  Anntiticiator  Clwk,— (Sec 
Cloc^t  EUciric  Annunciator.) 

Electric  Arc— (See^rr,  Electric) 

Electric  Arc  Blow-Pipe,— (See  Blow- 
Pipe,  Electric  Arc) 

Electric  vlrgand  Burner,  Hand-Li^liter 

(Sec  Burner,  Argand  Electric,  Hand^ 

Lighter) 

Electric  Argand  Bumer,  T lain- Pendant 

* — (See    Burner,    Argand    Electric, 

Pla  in~Penda  nt, ) 

Electric  Argand  Burner,  Ratcliet-Pend- 

ant {See  Burner,  Argand  Electric, 

Ratchet^Pendant) 

Electric  Balance.  -rSec  Balance,  Elec^ 
iric) 

Electric  Balloon. — (See  Balloon,  Elec- 
irtc) 

Electric  Battery.— (See  Battery,  Elec- 
trie) 


Electric  Bell,  Con tinnSSSS-i 
— (Sec  Bell,  Continuous-Sound^ 

Electric    Bell,  Differential. 
Differential  Electric) 

Electric    Bell,  Mechanical*- 
ElectrO'Mech  a  nical) 

Electric  Bell  Pnll— (See  Pm 
trie) 

Electric  Bioscopj.— (Sec  Bl 
trie) 

Electric  Bi-Polar  Bath.— (S< 
Polar) 

Electric  Blasting.- (Sec  Bit 
trie) 

Electric     Bleach  iD§r. — (See 
Electric,) 

Electric    Blow-Pipe.— (See 
Electric) 

Electric  Boat— (Sec  Boat,  E 
Electric  Bobblii.~(See  Bobbi 
Electric  Body-Protector.— (Si 

tec  tor,  Electric) 
Electric  B4>iler*Feed.— (Sec  . 

Electric) 
Electric  Branding. — (See^ra 

trie) 
Electric  Breeze, — (See  Bretzi 
Electric  Bridge.— (See  Bridg 
Electric  Booy.— (See  Buoy,E 
Eleciric    Bnmer. — (See    Bm 

malic  Electric) 
Electric  Bnzzer.- (See  Bummm, 
Electric  Cable.— (See  Cable,  ^ 
Electric  Calamine.— (Sec  Cah 

trie) 

Electric  Call-BelL— (Sec  Beli 
Electric  Calorimeter.— (See  C 

Electric) 
Electric  Candle,— (Sec  Candi 
Electric     Casi^-Harden  tng.- 1 

Hardening,  Electric) 
Electric  Canteriaatlon.— (See 

tion.  Electric) 
Electric     Canteriaser.- (See 

Electric) 
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^^    Bli*ctjric    Cautert. — (See    Caudrw    Ehr- 

^^    Bleftric  Cliiirij'e,—  (See  Lharge,  Einiric.) 
Eli»€lric  Chimes, —  (Sec  Chimes, Electric^ 

Blertric      Chrono^raiilL— (See     Chrono- 
graph ^  Electric.) 

KEleetrlc  Chr^n<>srO|M\ — (See  Chrottoscope, 
lUctric) 
llffitHc     Cigar-Lighter,^(Sec    Lighter, 
igar.  Electric,^ 

Electrlo  Circuit.— (See  CircttU, Electric) 
B   Electric  Cleats— (See  Cleatu  Electric) 

Electric  Clepsydm.— (SccC/<;^jy</ra,  Elec- 
ini\) 

K    Electric  Clock .— (See  6V<7f>t,^/f£^/r/V*.) 
Electric  Coll.- (Sec  Cail,  Electric) 
Electric    Columii, — (See    Column,    Elec- 

.       trie) 

^m    Electric    C'omBuinicator,— (See   Commu- 

^mntcaivr.  Elect ri*:,) 

^1    Electric  Condiictiiigr- — ^(See   Conduct ing^ 

^^EliCtrical.) 

^ft    Electric    Conil  tie  lion.— (See    Conduction, 

^^ictricy 

^M  Electric  Conieclioii  of  Heat.— (See //^<i A 

J^£/e(trtc  Copntection  of ) 

eieclHc  Cord.— (Sec  Cord,  Electric:) 
Hectric   Ciiiinter, — (See    Counter,  Elcc- 

»iric:) 
EliH!tric  Cree|jlng,— (See  Creeping,  Elec-- 
1 


tic.) 


Eli^ctrlc  Cro§».— '(Sec  Cross,  Electric) 
Electric  Cmtlble,— (See  Crucible,  Elec- 
tfk.) 
Electric    CErrent, — (See   Current,   Elec- 

Electric     Cjstoecopj.— (See     Cystoscopy^ 
l^itciric) 

Electric  Hanipltig* — (Sec  Damping,  Elec- 

\^if.) 

Qectrlc  Death,— (Sec  J}eath,  Electric) 
Electric     Decomposition. —  (Sec    Decom- 
^sition.  Electrics 


Electric  Bensitj.— (Sec  Density,  Elec- 
tric) 

Electric  Deposition. — (See  Deposition, 
Electric) 

Electric  I*etermi nation  of  Lonyritode. — 
(See  Longitude,  Electric  Deter minai ion 
of,) 

Electric  Displacement,— (Sec  Displace- 
ment.  Elect  ric^) 

Electric  Distillation.— (Sec  Distillation^ 
Electric ) 

Eleetric  l»o<ir-Bell  Fnll.— (See  Pull, 
Electric  Door-BelL) 

Electric     Donljle-Refraction .  —  (See 
DoubU'Refraction ,  Elect ric) 
Electric  Dyeing.— (See  Dyeing,  Electric:) 

Electric    D)  namoiuelcr,  Sleinens',- (See 

Dynamonti'ter,  Electro.) 
Electric  EeL— (Sec  Eel,  Electric:) 

Electric  EIHciency.— (See  Efficiefi^,Elec- 
fric) 

Electric  Elastrcity,- (Sec£/rtjr//ri(y,  Elec- 
trie) 

Electric  Elevator, — (See  Ele^*ator,  Elec- 
tric) 

Eleetric  Endosmose.— (See  Endosmose, 
Electric) 

Electric  Energy,- (Sec  Energy,  Electric) 

Electric  Entropy.— (See  Entropy,  Elec- 
tric] 

Electric  E^-ape. — (See  Escape,  Electric) 

Electric  Etching*— (See  Etching,  Elec- 
tro.) 

Electric     Evaporation*— (See    Evapora- 

tiim,  Electric] 

Electric  Excitability  of  Xerve  «r  Mas- 
cnlar  Fibre.— (See  Excitability,  Electric, 
of  Nenie  or  Muscular  Eibrc) 

Electric  Exhaustion.— (Sec  Exhaustion, 
Electric) 

Electric  Ex  pans  Ion. —(Sec  Expansion, 
Electric) 

Electric  Exphnler.- (Sec  Exploder,  Elec- 
tric Mine) 


Ete*] 


Electric  Explorer. — « Sec  Explorer,  Etec^ 
trk\) 

Electric  Field,— (See  Field,  Electric) 
Electric    Figures,     Breath   — -   —(See 
Figures,  Electric,  Breath.} 

Electric  Figures,  Lirlitenl>erg*s 

(See  Figures,  Electric,  Lic/ttenberg*s,) 
Electric  Fishes.— (See  Fishes,  Eltciric.) 
Electric  Fly,— (Sec  Fly,  Electric:} 
Electric  Flyer.— (See  Flyer,  Electric,) 
Electric  Fo^.— (Sec  Fog,  Electric.) 
EWtric  Force,— (See  F&rce,  Electric,) 
Electric  Furnacc.^ — <Sec  Furnace,  Elec- 
tric \ 

Electric  Fuse,— (Sec  Fuse,  Eieciric) 
Electric  (jiii»-Lightiii^.— (See  Gas-Ligkt- 

ing.  Electric.) 

Eleciric  Gaik-LfehtlnF*  Multiple  — ^  — 

(Sec  GaS'Lighting,  Multiple  Electric) 

Electric  Gas-Ligtitinir    Torch.— (Sec 

Torch,  Electric  Gas- Lighting,) 

Electric  Gastrctscope, — (See  Gastroscope, 
Electric^ 

Electric  011diE^.^(Sec  Gilding,  Electric.) 

Electric  (rrOTcmon— (See  Governor,  Elec- 
trie.) 

Electric  Hand-Lliirhter  for  Argand 
Burner. — (See  Burner,  Argand  Electric 
Hand^Lighter.) 

Electric  llead-Balh.^tSce  Bath,  Head, 
Electric.) 

Electric  Head-IJght— (Sec  Head^Light, 

Egco  m  otivc.  Electric .) 

Electric  Heat,- (Sec/^rflA  Electric :) 

Elcctrir  Heater.— (See  Heater,  Electric^) 
Electric  Horse  Power.— {See  Power, 

Horse,  Electric:) 

Electric    Ilydrotasi  meter. — (See  Hydro- 

tasimeter,  Ehctric) 

Electric  I^iiitioii.-"{Sce  Igniiim,  Eiec^ 
trie.) 

Electric  Images.— (See  /mages,  Electric) 
Electric  Incandeficeiicc.— (Sec  Incandes^ 

cence.  Electric,) 


Electric  Indicator  for  StiMunsliipa, — (See 

Indicator,  Electric,  for  Steamships.) 
Electric     Indicatiani. — (See     /ndicsi^s, 

E/ectric.) 
Electric  laertia.— (Sec  Inertia,  Ei^trU.) 

Electric     Insolation,— (Sec     Imsolatim, 

Electric) 

Electric  Installation.— (See  /Hsta/Jatsm, 
Electric) 

Electric  InsnlatloD.— {See  Insulaliim. 
Electric) 

Electric  Irrltjihillty.— (Sec  Jrritafit/i/y 
Electric) 

Electric  Jar,— (Sec  'far,  Electric) 
Electric  Jewelry. — (See    Jewelry^   Eiec- 
trie) 

Electric    Lamp,    Arc  — -(Sec  Lamp, 

Electric  An:} 

Electric    Lamp- Bracket— (See  BrmcJtd, 

Lamp,  Electric) 

Electric  Lamp,  Incandt^^ccttt ^  —(Sec 

Lamp,  Electric,  Incandescent.) 

Electric  Lamp,  SemMncandcJtccut  — ^ 
—(Sec  La mp.  Electric  Scmi-Incandescentj 

Electric  Lamp,  Socket  for,— (See  S^A^. 
Electric  Lamp.) 

Electric    Lanneh.--(See   Laumck,    Eist- 

tric) 

Elt^ctrlc    LettcrBox,— (See    Letter-B^x, 

Electric) 
Electric  Light.— (Sec  Light,  Electric) 
Electric  Ll|irhtin?c,  Central  Station 

— (See  Station,  Central.) 
Electric   Ligrhtln^,   Isolated —(Sec 

Lighting,  Electric,  IsoUUed) 
Electric  Llj^rht  or  Power   €ablew--(See 

Ca^le,  Electric  Light  or  Pm^er:) 
Electric  Lock.— (See  Lock,  Eitciric) 
Electric   Lf»c<nnotlTe, — (Sec  Ltfcmnatrve, 

Electric) 
Electric  L«y,— (See  Lc^,  Eiectric^,) 
Eleetric  Loom,— (Sec  Loom,  Electric) 
Electric  Loop.— <See  Lotpp,  Eifcfric) 
Electric  Machine,  Frictlonal (See 

Machine,  Friciional  Electric) 
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Electric  Main.— (See  Maim,  Electric) 
Electric  Mifi.— (See  Masses,  EleciricJ 
Eleelrie  Metsiiremeiils, — <See  Measure^ 
nents,  EUctriti) 
Klectrlc     Me^akMCOpc. — (See     Megaia- 
e,  EUctrici) 

Pirk  Meter.— (Sec  Meier.  EUciric.) 
Elef  trie  Mlnp-ExpltMler.— (See  Mine^Ex* 
flader,  Eleciro-Magtutic^    Fuse,  Electric, ) 

Eleetrle  Motor.— (See  M&terr,  Electric) 

Electric   Motor,  Hlgli-SjH*t*d —(Sec 

\Met0r,  Electric,  High-Speed.) 

El^trlc   Motor,  Low-Speed (See 

iMator,  Electric,  Lott'-Specil.) 

Kketrk    MalU|H»Ur   B«tk  ~ (See 

BatA,  Multipolar,  Elccfric,) 

Itoelrie  Musket*— (See  Musket,  Electric:^ 
Electric  Onfan,— (See  Organ,  Electric.) 
Elmtiie  O^cIHfltioiML- (Sec  Oscillati&ns, 

Bectric.) 
ElfctHc  ii^mmt.—{S€tOsm4fse,  Electric.) 
Rltctric      (Niteotome. — (See     Osteotome, 
f  Electric.) 

BloctHc      OYcrtoRcs,— (See      Overtones, 

EUctric.) 
Elicirle  Pen,- (Sec  Pen,  Eiectne,) 
£lectrlc  Fen  dan  t— (See  Pendant,  Elec- 

Iru.) 

ElM>tric  Pendaut-Lfliup^ — (Sec  Lamps, 
%£ilectrii    Pcnddfit.) 

Electric  PendiilunL— (See     Pendulum, 
'Jectric) 

Electric  Pernieancj.- (See  Permeancy, 

lUctric.) 

Electric   Phos|»hores*coiiee,^(See    Phos^ 
korrscence.  Electric) 

Elfctric  Photometer,— (Sec  Photometer.) 
Elactjric  Pimiio,— (Sec  Piano,  Electric,) 
Electric  Plow.— (See  Pltnv,  Electric.) 
Electric  PoAitloii-Finder.~(Scc  Finder, 
fc^iiimt  Electric) 

PatcntUL— (See  Potential,  Elec- 


Electric  Power.— (Sec  Power,  EUeiru,) 
Electric  Probe.— (Sec  Prohe,  Electru.} 
Electric  Prostntloiu— (See  Prosiraiiom, 

Electric) 

Elecbric  Protecilon.- (Sec  Proietiion, 
EUctric,  of  Houses,  Ships  and  BuMieUmgs.\ 

Electric  Protection  of  McIbIjl — (See 
Metals,  Electrical  Protect  torn  o/,) 

Electric  Poise,- (See  Pnhe,  Electrical.) 

Electric  P>Tonetcr,  f^iemeiis*.-  f  S  c  e 
Pyrometer,  Siemens*,  Electric) 

Electric  Radiometer,  froofces'  — -  ^ 
(See  Radiometer,  Electric,  Crookcs\) 

Electric     Ran ^e- Finder- (See    Finder, 

Range,  Electric) 

Electric  Ratciiet-PendAnt  fbr  .Vrgand 
Bimter. — (See   Burner,    Argamd  EUctric, 

Ratchet-Pendant.) 

Electric  Raj.— (See  Ray,  Electric] 

Electric  ReAcUon  Wheet— <See  lf^>li^/. 
React  ion  t  Electric^) 

Electric  Rectl:flcaUoii  of  AlcokoL— (See 

Alcohol,  Electric  Rectification  of.) 

Eler  trie  Reflnlsig  of  MeUK— (See^l/^M/f, 

Electric  Rejiniftg  of.) 

Electric   Register,    Watchman*!! 

(See  Register,  lVatch*nan*s  Electric) 

Electric    Registering    Apparatus,— (See 

Apparatus,  Rci^isteriftg,  EUctric) 

Electric  RelajBell,— (Sec  Bell,  Relay, 
Electric) 

Repnl^lon, — (Sec 


Repulsion, 


Electric 

Electric) 

Electric  Resistance.- (See  Resistance, 
Electric) 

Electric  Re*M)nance»— (See  Resonance, 
Electric) 

Electric  Retardation.— (See  i^i-Zor^a/f^if, 
Electric) 

Electric  Rln^g,- (See  Rings,  EUctric) 

Electric  Safety  LauipH*^See  Lump, 
Electric  Safety.) 

Electric  Saw.— (See  Saw,  EUctric) 
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^H              Electric      Seismograph. — (See      Sa'smo^ 

Electric      Throwback-Inflkat4)r,— ( See 

^H          graph,  Electrii) 

Indicator,  Electrical  Throwback.) 

H             Ele<^trlc    Shudow.— (See    Shad&w,   Eiec- 

Electric  Time- Ball.— (See  Ball.  ElectHc 

H          iric.) 

Time:) 

H              Eleetrie  Shoek.'-(See  Shock.  EUcirtc) 

Electric   Tlme-Meten- (See  Meier,  Elec- 

H             EliM^trk      Shower     Bath.— (See      Ba(h, 

tric  Time) 

^H           Shower  Electric] 

Electric   Torpedo.— (See    Torpedo,  Elec- 

H             Electric  Shunt  Bell.— (See  ^^//,  Shunt, 

tric) 

H           Ekctrif.) 

Electric  Tower.— (See  Tower,  Electric) 

H              Ele«»trlc  Single-Stroke  Bell.^(Se€  ^^//, 

Electric  Tramway.— (See  Tramway.  EUc- 

^H            Singk'Siroke  Electric.) 

trie) 

H              Electric  Siphwn.— (See  5/)*A£?«,  Electric.) 

Electric  Transmitters.— (See   Transmit- 

H            Electric      Soldering.— (See      Salderittg, 

ter,  Electric) 

H          Electric) 

Electric  Trumpet.— (See  Trumpet  iJec- 

^K              Electric  Sphygrao^rapli,— (See  Sphygmo- 

iric) 

^H          graph.  EleclricaL) 

Electric  Tnrn-Table.— (Sec  Turn- Table, 

H              Electric    SteriUzatlon.— (See    Steriliza- 

Electric) 

^B          //V^/i.  Electric.) 

Electric  Tn>ewriter.— (See    Typewriter, 

H              Electric  Storm.— (Sec  5/<?rw,  Electric) 

Electric) 

H              Electric  Stri»e,— (See  5/r/Vr,  Electric) 

Electric  Talre,— (See  Vahe,  Electric) 

■              Electric    Submarine    Boat— (Sec  ^c;^?/. 

Electric  Valve  Burner,  Arg'and 

^1           Submarine,  Electric) 

(See  Valve  Burner,  Argand  Electric) 

H              Electric      Snnatroke.— (See      Sunstroke, 

Electric   Varnlsli.— (See    Varnish,  Elec- 

H          Electric) 

tric) 

H               Electric  Snrgiaga,— (Sec  Surging^,  Elec- 

Electric  Vibrating  Burner,— (Sec  Burner 

H            /ri?.) 

Vibrating,  Electric,  \ 

H               Electric  Swaging.— (See  Swaging,  Elec- 

Electric  Tolatilization.— (See  Volatiliza- 

H           /r/<r.) 

tion,  EltHtrit.) 

H               Electric  Tanning,— (See   Tanning,  Elec- 

Electric  Water  or  Liquid  Level  Alarm.— 

(See  Alarm,  Water  or  Liquid  LefteL) 

H               Electric  Target,- (See  Target.  Electric) 

H              Electric  Teazer,— (See   Teaser,  Electric 

Electric   Welding.— (See  Welding,  Elec- 

H          Current:) 

tric) 

H              Electric  Teleiijdrobardmeten- (See  r^/- 

Electric  Whirl.-(See  Whirl,  Electric) 

^H           ehydrobarometer.  Electric) 

Eiertric  Whistle.  Automat fc  Steam 

^B              Electric  Tell-Tale  Signal.- (See  Signal, 

— (See    Whist ie,    Steam,  Automatic    Elec* 

■           ^/a/r/iT  Tell^Tale) 

trie) 

^m              Electric    Tempering.— {Sec    Tempering, 

H           Electric) 

Electric  Wood  Mo  n  I  dings*.— (See  Mould- 
ings, Electric   Wood.) 

H              Electric   Tension.— (See    Tension,   Elec- 

Electric  Work.— (See  WorJt,  Electric) 

■           /rrt'.) 

Electrical   Controlling   Clock.— (See 

^^             Electric     Thermo-CalL— (See     Thermo- 

Clocl%  Electrical  Controlling.) 

^m         Call,  Electric) 

Electricallj,— In  an  electrical  manner. 

^V            Electric  Thermometer.- (See  Thermom- 

Electrically     Controlled    Clock.  — (Sec 

^1        /vi-/;  JE:Afc/ric} 

Cloch,  Electrically  Controlled.) 
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BlscliEi^c,    To (See 

\  EUciricaily^ 
If     Discharging. — (Sec     Dis^ 
ZUciricaily.) 

Uj  Energizing. — (Sec  Energix- 
caity) 

11 J    OporatM     Alann^  —  (See 
rtrt'ca/fy  Operated?) 
Uj    Ketarding.— (Sec    Retard- 

Wu — One  vei-aed  in  the  principles 
ions  of  elecirical  sciL*nce. 

L  £te€tr0-Therapi^iilieia 

pkctrician. 

■i  Medical One  skilled 

Hon  of  electric  ity  to  the  human 
ftosis  or  curative  purposes, 
plectncian  should  possess  a  full 
ot  only  of  the  principles  and  appli- 
Ctric  science,  but  also  of  physics  and 
bf  tht  medical  sciences, 

P — The  name  given  to  the  un- 
;,  matter  or  force,  or  both,  whicU 

t electric  phenomena, 
[>  ma  Iter  how  produofcd,  is  oe- 
Dc  and  the  same  thing. 
^rictionat'fUdricity^pyro^eiCCfridty^ 
HHty^  votlaic  ar  galvanic  electricity^ 
M^^  {ontact^ekctricity^  animal  or 
Wkity,  trie,  etc,  though  convenient 
Bng  Jiclr  origin,  have  no  longer 
cc  fotmerly  attributed  to  them  as 

rrent  kinds  of  the  clcctnc  force. 
Single- fluid  Ifypothesis  of, ) 

fy,    Accnmclated — Eire- 

in  or  by  means  of  accumula* 


r 


y»   Acecimnlating    — Ob- 

;oessivcly     increasing     electrical 
Electricity,  Accumulatton  a/^ 

Acenmulaifon  of -A 

ipplicd  indifferently  to^ — 
dual    collecting    of    electric 
len  jar  or  condenser. 
lase  of  an  electric  charge  by 
ious  devices  called  accumu* 


(3.)  The  prcwiuction  of  a  charge  by  the  use 
of  machines  called  influence  machines. 

(4.)  The  collection  of  electric  energy  in  the 
so-called  storage  batteries  or  accumulators. 

Klcctricitf,    Animal Electricity 

praduced  during  life  in  the  bodies  of  animals. 

Ail  animals  produce  electricity  during  life.  In 
some,  such  as  the  electric  eel  or  torpedo,  tlic 
amount  is  comparatively  large.  In  others,  it  is 
smalL 

Some  of  these  animals,  when  of  full  size,  are  able 
to  give  very  severe  shocks,  and  use  this  ciirious 
power  as  a  means  of  defense  against  their  enemies. 

If  the  spinal  cord  of  a  recently  killed  frog  be 
brought  into  contact  with  the  muscles  of  the 
thigh,  a  contraction  wil!  cnsuQ.^fA/at/euea^J 

The  n::rve  and  muscle  of  a  frog,  connected 
by  a  water  contact  witb  a  sufficiently  delicate 
galvanometer,  show  the  presence  of  a  current 
that  may  last  several  hours,  Du  Ik>is-Reyniond 
showed  that  the  enih  of  a  section  of  muscular 
hhres  arc  nci^ativc,  anti  their  sitifs  jjositive,  and 
has  obtained  a  current  by  suitably  connecting 
thc:m« 

In  the  opinion  of  some  electro-therapeutists  no 
electric  current  exists  in  passive,  normal  nerve  or 
muscular  tissue.  In  an  injured  tissue  a  current, 
called  a  dentareation  current^  is  produced.  (See 
Current^  Demarcation . ) 

All  muscular  con  tractions,  however,  apparently 
produce  electric  currents. 

In  electro  therapeutics,  ft  is  proKiblc  that 
greater  success  would  accrue  in  practice  if  the 
human  body  were  regarded  as  an  electric  source 
as  well  as  an  electro -receptive  device. 

Elet^tricity,  Atmospheric —The  free 

electricity  almost  always  present  in  the  atmos- 
phere, 

Tlie  following  facts  have  been  discovered  con- 
cemitig  atmospheric  electricity,  viz.: 

(I.)  The  free  electricity  of  the  atmosphere  ii 
gcneraJly  positive,  but  often  changes  to  negative 
on  the  approach  of  fogs  and  clouds, 

(2.)  It  exists  in  greater  quantity  in  the  higher 
regions  of  the  air  than  near  the  earth's  surface. 

(5.)  It  is  stronger  when  the  air  is  still  than 
when  the  wind  is  blowing. 

(4.)  It  is  subject  to  yearly  and  daily  changes 
in  its  intensity,  being  stronc^r  in  winter  than  m 
summer,  and  at  the  Tnicl.llr  of  the  day  thaneithcf 
at  the  ocginning  or  the  closc« 
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Eleetrleitj,  Atuiospherie,  Origin  of 

— The  exact  cause  of  the  free  elcclricily  ol 
Ihe  atmosphere  is  unknown. 

Peltier  ascribes  the  cause  of  the  free  ekctridtj 

of  the  atmosphere  to  a  negatively  excited  earth, 
which  charges  the  atmosphere  by  indmiion.  (See 
Imfuctittn^  Electrostatic, )  Brcc  atmospheric  dec- 
triLity  has  also  been  ascribed  to  the  evaporation 
of  water;  to  the  condensatioiv  of  vapor;  to  the 
friction  of  the  wind;  to  the  motion  of  terrestrial 
objects  through  the  earth's  magneuc  field;  to  in- 
duction from  the  sun  and  other  heavenly  bodies; 
to  dtferenccs  of  temperature;  to  combustion,  and 
to  gradual  oxidation  of  plant  and  animal  life.  It 
is  possible  that  aH'thcse  causes  may  have  »cme 
effect  in  producing  the  free  'ricctricity  of  the  at- 
mosphere. 
Whatever  is  the  cause  of  the  free  electricity  of  the 
nosphcre.  there  can  be  bui  little  doubt  that  it 
i  to  the  condensation  of  aqueous  vapor  that  the 
high  difference  of  potential  of  the  lightning  flash 
is  due.  (Sec  Potential,  Difference  o/-)  As  the 
clouds  move  through  the  ahr  thef  collect  the  free 
electricity  on  the  surfaces  of  the  miniite  drops  of 
water  of  which  they  are  composed,  and  when 
many  thousands  of  these  subsequently  collect  in 
larger  drops  the  difference  of  potential  is  enor- 
mously increased  in  conwquence  of  the  equally 
enormous  decrease  in  the  surface  of  any  single 
drop  over  the  sum  of  the  surges  of  Ihe  drops 
that  have  coalesced  to  form  it, 

Electrkiity,   Atom  of —A    quantity 

of  clcctncity  equal  iti  amount  to  that  pos- 
sessed by  any  chemical  monad  atom. 

Professor  I^<lgc  points  out  the  faci  that  the 
charge  of  a  monad  atom  of  any  element  is  the 
imallest  charge  a  body  can  possess,  and  is  possibly 
asindivtsible  as  the  atom  itself.  He  points  out  the 
fact  that  chemical  affinity  or  atomic  attraction  may 
beduc  to  the  electrical  attraction  ol  atoms  contain- 
ing unlike  charges;  iliat  although  the  difference  of  / 
potential  between  the  atom&  is  small,  prob;ihly 
somewhere  between  t  and  3  volts,  the  distances 
separating  them  are  so  very  small  that  thdr 
mutual  attractive  force  must  be  almost  iafimtcly 
great- 

As  D'Auria  has  pointed  out,  if  the  centies  of  at- 
traction  of  the  atoms  be  tlie  centres  of  the 
atoms  themsdvcs.  then  the  atoms,  if  approached 
to  actual  contact,  would  be  separated  from  one 
another  by  a  distance  etjuai  to  haU  the  sum  of 
ibidr  diameters.     U,  hoipever»  the  centre  ol  ^ 


traction  be  situated  at  any  point  on  the 
the  atoms  the  distance  of  separation  1 
come  equal  to  zero,  calling  d^  the  dis 
twecn  thenif  m  and  m  * ,  their  respectiv 
and  S,  a  co-effecicnt  varying  with  the  • 
and  U  the  force  of  mutual  attractkm.  tlM 

f  = 


=  «(^) 


from  which  we  sec  that  the  value  of  f 
infinite  when  the  atoms  are  in  conla4:t. 

Eleofritity,  Cal Electrics 

duccU  by  changes  of  temperature  in 
of  a  transformer. 

The  changci  of  temperature  in  the  tr» 
core  can  produce  a  difference  of  pot^ti 
secondary  circuit  which  increases  llie 
motive  lorce  induced  in  the  secondai] 
variations  in  the  primary.  This  is  SL 
called  the  Acheson  effect.     (See  Effrd^ 

Electricity,   Conserviiilon  of   — 
term  proposed   by  Lippman  to  exp; 
fact  that  when  a   t>ody  receives   an 
charge  if  I  the  open  air,  the  earth  and  h 
bodies  receive  an  equal  and  oppi 
thus  prescr\'in^  the  sum  of  the  lot 
and  negative  electricities  in  the  u 
Electricity,    Cuntact   - —   ^ 
produced  by  ihc  mere  contact  of 
metals. 

The  mere  ctmlact  of  two 
siths  in  the  production  of  o[ 
charges  on  their  opposed  mtrfaces.  Of 
euce  of  electric  potential  between  thi 
The  cause  of  this  dififercnce  of  poti 
very  generally  ascribed  to  the  voltaic 
surrounded  by  the  atmospberr,  Ihe 
which  acts  more  otcrgctically  on 
element  than  it  docs  on  the  negative  el 
The  mere  contact  of  dissimilar  mel 
produce  a  constant  electric  current, 
current  possesses  kinetic  energy.  To  pix 
constant  clectrir  current,  therefore,  eaerg 
be  expended. 

The  vuluic  pile  thiougb   tbe  coolact 
simiiar  metal i  produces  a  dlfliereoc*  id 
yet  the  cause  of  the  current  is   to 
chemical  action.     (See  Cell,  Voltaic.) 

Eloctdcity,   Ill8gal«od Dii 

lated  electricity.     (See  EUciricify,  Dii 
latedor  Luteni,) 
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Electricity,  DiaslmaUited  or  Latiitnt  — 
—The  condUiof]  of  an  electric  charge  when 
placed  near  an  opposite  charge,  as  inaLeyden 
jar  or  condenser. 

In   f3u8  ea^    merely  toucliing    ooie   of   the 
c!uuf ed  surfaces  will  not  effect  its  complete  dk^ 

Etodrtcity  in  theconditioa  of  a  bound  charge 
'ni  JotiDcr  1/  c&lied  /aUnf  ^i^ctrinty.  This  term 
iiMV  in  disuse.  Such  a  charge  u  :^.ow  called  a 
Jvmi  diarga  (See  Charge,  Bmmd,  Charge, 
^) 

ty^  BIstrlliattaii  of Va- 

:  lations  of  electric  sources,  circuits 

1  clcciro-rcceptive  devices   whereby  elec- 

cH)*  gicnerated  by  th^  sources  *£  carried  or 

Elnhuted  to  more  or  less  d'rtant  electro- 

ptivc  devices  by  means  of  the  various  cir- 

N  connected  therewith, 

\  munber  of  different  aystcmi  for  the  distribu- 
itf  exist.    Among  the  most  import- 
owing,  viz.: 
\  or  continuous-current  distributimi. 
I,)  Alternating-current  distribution. 
t.)  Sloca^ebaittery  or  secondary  distrfbution, 
I.)  DbliilNadon  by  means  of  condensers. 
Dfatrflmtioii  by   means   of  motor  gen  er- 

Electrlclty,  Blstrlhution  of,  by  A11<^ma- 

Bir  rnrrcntA A  system   of  electric 

ktributiijn  by  the  use  of  alternating  currents. 
A  sj-slem  of  electric  distribution  in  which 
Umps,  motors,  or  other  electro-receptK^c  de- 
vices arc  operated  by  means  of  alternating 
cwrents  that  arc  sent  over  the  line,  but  which, 
before  paastngthrou^  said  de^nces,  are  modi- 
W  by  a]»para.tt]s  called  transfonners  or  con- 
trrters, 

Stidi  a  f  yatem  embraces  s 
{i*\  An    alicmatJng*cuTn?nt     dynamo- electric 
Bftckine  or  battery  of  machines. 

(3.)  A  conductor  or  line  wire  arranged  fn  a 
■irtallic  ctreuit. 

(J.)  A  fmmber  of  converter  or  trjpisfonners 
«Wie  ptlmary  coils  arc  placed  In  tfie  circuit  of 
the  line  wire, 

number    of   electro-roceptive    devices 
( the  circuit  of  the  secondary  coil  of  the 
(See  Trans/or mur .) 


Electricity,  Pistrlbtillon  of,  by  Alteriift- 
tln^  CinTctit«  by  lleans  of  Condensefs  -^^ 

— A  system  of  aftemaie  current  distribution 
in  which  condensers  are  employed  to  trans- 
form current  of  high  potential  received  ftom 
an  alternating  current  dynamo  to  curtcnts 
of  low  potential  which  are  led  to  the  lamps  Oi 
other  electro-receptive  devices, 

Tn  I  he  ?vstcm  of  McElroy  the  conversion  from 
high  to  low  potential  is  obtained  hj  making  the 
primary  plates  of  the  condensers  charged  by 
the  dynamo  imatler  than  the  secondary  plates 
the  ratio  oHh^  arra  of  the  primary  plates  to  that 
of  the  secr>ndary  plates  being  made  in  accordance 
vilh  the  ratio  of  conversion  desired, 

noctricity,  Dlstribntlou  at  by  Ct>iiiitiiit^ 
ting:  TransfornierB ^A  system  of  elec- 

tncal  distribution  in  which  motor-generators 
are  used,  but  neither  the  armatiu^  nor  the 
field  magnets  arc  revolved,  a  s[>ecjal  commu- 
tator being  employed  to  change  the  polarity 
of  the  magnetic  circuits. 

Flectrlclty,  Bbtrlbntlon  of,  by  CoiiHtaiit 

Cii  mollis — A  system  for  the  distribution 

of  electricity  by  me^ns  of  dulcet,  /.  e,^  con- 
tinuous, steady  or  non -alternating  currents, 
as  distinguished  from  alternating  currents. 

i>istribution  by  means  of  direct  currents  oiay 
be  eflectcd  ir,  -  number  of  ways  ;  the  most  im- 
portant art: 

(I.)  Distribution  with  ^tmstatti  cHrratt  or 
serits  -  distribntiott , 

{2.)  Distribution  witli  nmstnut  p^/nital  or 
mHliipU'distribtithn  * 

Strictly  speaking,  these,  as,  indeed,  all  systems, 
arc  systems  for  the  distribution  of  electric  energy 
rather  than  the  distribution  of  electricity. 

In  a  system  of  srries-distrihutiiffu  the  electro- 
receptive  devices  arc  placed  in  the  main  line  in 
series,  so  thot  the  electric  current  passes  succes- 
sively through  each  of  ihcm.  In  such  a  system 
each  device  added  increases  the  total  resistanccof 
the  circuit  so  that  the  total  resistance  is  equal  to 
the  sum  of  the  »cparate  resistances  on  the  line. 

In  order,  therefore^  to  niaintatfi  the  current 
strength  constant,  indepcodcnt  of  the  number  of 
devices  added  to  or  removed  from  the  drcult,  the 
electromotive  force  of  the  source  must  incicase 
with  each  electro -receptive  device  added,  and  dc- 
crease  with  each  dcctro.reoeptive  device  taken 
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out  If  the  number  of  clcctro-rcceptive  devices 
be  great,  such  a  circuit  is  necessarily  character- 
ized by  a  comparatively  high  electromotive  force. 

Since  the  current  passes  successively  through 
4lk  the  electro-receptive  devices,  an  automatic 
safety  device  is  necessary  in  orJcr  to  automatically 
provide  a  short  drcmt  of  comparatively  low  resist- 
ance oast  a  faulty  device,  and  thus  prevent  a 
single  faulty  device  &om  invalidating  the  action 
of  all  other  devices  in  the  circuit. 

Arc  lamps  are  usually  connected  to  the  line 
circuit  in  series. 

In  a  system  olmitltipfe-disirihuHon^  the  clcctro- 
-TCcptive  devices  are  connected  to  the  main  line 
or  leads  in  nmltiple-arc^  ^v  paralUty  so  that  each 
deincc  added  d^cr^asts  ike  resist an(€  of  the  iircuit. 
In  order,  therefore,,  to  maintain  a  proper  current 
through  the  electro -receptive  devices^  the  mains 
must  be  kept  at  a  nearly  constant  difference  of 
potentiaL  The  electro- receptive  devices  employed 
in  such  a  system  of  distribution  are  generally  of 
high  electric  resistance,  so  that  the  introduction  or 
removal  of  a  few  of  the  electro-receptive  devices 
will  not  materially  alter  the  resistance  of  the  whole 
circuity  and  will  not,  therefore,  materially  affect 
the  remaining  Hghts- 

In  tliis  system  automatic  safety  devices,  opera- 
ting by  the  fusion  of  a  readily  melted  alloy  or 
metal,  are  provided  for  Ihe  puqjosc  of  preventing 
too  powerful  currents  from  passing  through  any 
branch  connected  with  the  main  conduct&rs  or 
kads.     [SceJ^/ug,  Fttsihk.) 

Incandescent  lamps  are  generally  connected 
with  the  main  conductors  or  leads  in  par  a  i it  I  or 
fmiitipicarc. 

Distribution  of  incandescent  lamps  by  series 
connections  is  somctimefs  employed.  Such  lamps 
arc  usually  of  comparatively  tow  resistance,  and 
are  provided  each  with  an  automatic  cut-out, 
which  establishes  a  short  circuit  past  the  lamp  on 
its  failure  to  properly  operate. 

During  the  passage  of  an  electric  current 
through  any  series-distribution  drcuit,  energy  is 
expended  in  diflTercnt  portions  of  the  circuit,  in 
proportion  to  the  resistance  of  these  parts.  In 
any  system,  economy  of  distribution  necessitates 
that  the  cnerpy  expended  in  the  electro- receptive 
devices  must  bear  as  large  a  proportion  as  prac- 
ticable to  the  energy  expended  in  the  source  and 
leads.  In  series^distribution,  this  can  readily  be 
accomplished  even  if  the  resistance  of  the  leads  is 
comparative! V  high,  since  the  total  resistance  of 
the  drcuit  increases  with  every  electro-receptive 


device  added «  Comparatively  thin  wires  can 
therefore  be  employed  for  a  very  considerable 
extent  of  territory  covered,  without  very  great 
loss. 

In  systems  of  multiplc-distribtttion,  however* 
this  is  impossible ;  fur,  since  every  electro-recsp 
tive  device  added  decreases  the  total  resist^mce  o( 
the  circuit,  unless  the  resistance  of  the  leads i< 
correspondingly  decreased  the  economy  beccmies 
smaller,  unless  the  resistance  of  the  leads  was  orig* 
inally  so  low  as  to  be  inappreciable  when  com 
parcxi  with  the  change  of  resistance. 

In  systems  of  distribution  by  alternating  k 
rents  this  is  avoided  by  passing  a  current  ofb 
small  strength  and  considerable  diftereace 
potential  over  a  line  connecting  distant  potoi 
and  converting  this  current  into  a  current  oilarga 
strength  and  small  difference  of  potential  a^  ths  j 
places  where  it  is  required  for  use. 

Eleetrfcity,  Drstiibutlon  of,  by  ConUi'-j 
uous    Current^  by  Means   of   Conden^r^i 

A  system  of  distribution  devised  by 

Doubrava,  in  which  a  continuous  current  is 
conducted  to  certain  points  in  the  line  where 
a  device  called  a  *'  disjunct  or  "  is  employed,  to 
reverse  it  periodically,  and  the  reversed  cur- 
rents so  obtained  directly  used  to  charge  con- 
densers in  the  circuit  of  which  induction  coils 
are  used. 

This  method  of  distribution  Is  a  variety  of  dis- 
tribution by  means  of  constant  currents. 

The  condensers  are  used  to  feed  incandesoeot 
lamps  or  other  electro-receptive  devices. 

Electricity,  Distribution  of,  by  Continu- 
otiH  CniTonl,  by  Means  of  Traiisformei^ 

— A  system   for  the  transmission   of  dec-, 
trie  ener^gy  by  means  of  continuous  or  din 
currents  that  arc  sent  over  the  line  to  suitably" 
located  stations  where  motOfHiynamos  are 
used  for  transformers. 

The  dynamo  armature  is  used  with  two 
rate  cil-cuits,  one  of  a  short  and  coarse  wire,  s 
one  of  a  long  fine  wire.  This  construction  \ 
permit  the  conversion  of  a  high  to  a  low  potraitid 
or  vice  t'ersa;  or  two  separate  dynamos  can  be 
placed  on  the  same  shaft  and  one  used  as  the 
motor. 

It  is  evident  that  a  motor  generator  can  be  con- 
structed to  convert  continuous  currents  into  alter* 
nate.,  or  alternate  currents  into  continuous  cur_ 
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In  tliis  last  case  the  armature  and  fixed 

must  be  kept  separate, 

Iber  form  of  continuous  current  conversion 

ted  by  means  of  the  motion  of  a  commutator 

effects  a  rotation  of  magnetic  polarity  in  a 

wound  armature  of  fine  and  coarse  wire, 

itHcJtj,  BfstrJbntloii  of,  hf  Motor 

ition — A  system  of  electric  dis- 

in  in  whicb  a  continuous  current  of 
>ieiitial.  distributed  over  a  main  line,  is 
cd  al  ibe  points  where  its  electric  en- 
;  10  be  utilized  tor  driving  a  motor» 
in  turn  drives  a  dynamo,  the  Gurrent  of 
IS  used  to  energize  the  electro-rccep* 
ices. 

method  of  distribution  is  a  variety  of  dis* 
by  means  of  continuoos  or  direct  cur- 

thcr  system  of  distribution  by  means  of 
generators,  the  motor  and  dynamo  are 
in  one  with  a  double* wound  armature, 
wire  coils  in  which  receive  the  high  po- 
Inving  current  and  the  coarse  wire  coib 
the  low  potential  current  used  in  the  dis- 

cir  cults. 

triclty,  0ottble  Flnld  Hypotliesis  af 
"-A  hypothesis  which  endeavors  to  ex- 
le  causes  of  electric  phenomena  by  the 
tion  of  the  CEistence  of  two  different 
ftnids. 

double  fluid  hypothesis  assumes: 
That  the  phenomena  of  electricity  are  due 
tenuous  and  imponderable  Butds^  the  post- 

the  negative. 
That  the  particles  of  the  positive  flutd  repel 
Mher,  as  do  also  the  particles  of  the  nega* 
;  but  that  the  particles  of  positive  fluid 
the  particles  of  the  negative  and  ric^  vrrsa, 
l*hat  the  two  fluids  are  stronf^ly  attracted 
,  and  when  present  in  it  produce  clec- 


Jliat  the  two  fluids  at  tract  one  another  and 

us  masking  the  properties  of  each. 
(That  the  act  of  friction  separates  these 
going  to  the  rubber  and  the  other  to 
g  rubbed. 

ior  L^ge  U  disposed  to  fevor  the  double 

laui  the  single  fluid  hypothesis.     1  le  states 

oC  this  belief  the  following  fact^s  viz. : 

ekctrk  wind  or  breeze  is  produced 

positive  and  negative  temunals  of  an 


electrical  machine,  and  this  whether  the  point  be 
attached  directly  to  these  terminaU^  or  whether 
it  be  held  in  the  hand  of  a  person  near  them* 

(2,)  The  well  known  pecuHaritifs  connected 
witli  the  spark  discharge,  seen  in  Wheatstonc's 
experiments  on  the  velocity  of  electricity, 

(3.)  An  electrostatic  strain  scarcely  a^ects  the 
volume  of  the  dielectric^  thus  suggesting  or  show- 
ing a  distorting  stress,  which  altera  the  shape  of 
the  substance  of  the  dielectric,  but  not  its  size. 

(4.)  The  effects  of  electrolysis  in  what  he  as- 
sumes the  double  procession  of  tlie  atoms  past 
each  other  its.  opposite  directions, 

(5.)  The  phenomena  of  self-induction,  or  the 
behavior  of  a  thick  wire  on  an  alternating  current. 

(6,)  The  apparent  absence  of  momentum  in  the 
electric  current^  or  moment  of  inertia  in  an  elec- 
tro-magnet so  fcir  as  tested. 

Elwtriclty,  Bjnaitifc A  term  some- 
times employed  for  current  electricity  in  con- 
tradistinction to  static  electricity* 

Electricity,  Frank! fnic  — -  ^A  tenn 
sometimes  employed  in  electro-therapentics, 
for  the  electricity  produced  by  a  frictional 
or  an  electrostatic-induction  machine.  (See 
Current^  FrankliHic) 

Elwtriclty,  Fricflonal ^Electricity 

produced  by  friction. 

This  terra  as  formerly  employed  to  indicate 
static  charges  as  distinguished  from  currents,  is 
gradually  falling  into  disuse,  and  the  frictional 
electric  machines  are  t>eing  generally  replaced  by 
continuous-induction  machines,  like  those  of 
lloltz,  Ti5plcr-Holtz,  or  Wimshurst. 

The  character  of  the  charge  produced  by  fric- 
tion depends  on  the  nature  of  the  rubber  as  well 
as  on  that  of  the  thing  rubbed. 

In  the  following  table  the  substances  are  so  ar- 
ranged that  any  one  in  the  list  t>ccomc9  positively 
electrified  when  rubbed  by  any  wtdch  follows  it; 

Positive, 
Cat*s  fur. 
Polished  glass. 
Woob 

Cork  at  ordinary  temperatures. 
Coarse  brown  paper. 
Cork  heated. 
White  silk. 
Black  silk. 
SbeiUc. 
Rough  glass. — (FiH^hi,) 


Glc] 

Negative* 

It  will  be  seen  that  the  character  of  the  charge 
produced  by  friction  depends  on  the  character  of 
the  surfaces  rubbed,  This  U  seen  from  the  fore- 
going tabic,  where — 

(I.J  The  roughness  of  the  surface,  as  in  the 
case  of  glass,  produce*  a  difference  in  the  nature  uf 
the  charge;  thus,  rougli  giaa  U  at  the  bottom  of 
the  table,  and  smooth,  poDsk«d  glass  near  the  top, 

(2,)  The  state  of  the  surface  as  shown  hj  the 
color.  Black  silk  rubbed  with  white  silk  is  nega- 
tive to  it. 

(3.)  The  state  of  the  surfiice,  as  yaried  by  the 
temperature.  Hot  cork  receives  a  negative  charge 
when  rubbed  against  a  pfccc  of  cold  cork. 

Forbes  has  pointed  out  that  these  diRcrences 
are  probably  due  to  the  change  produced  in  the 
ability  of  the  surface  to  radiate  heat  or  light.  A 
substance  or  body  which  radiates  the  most  light 
or  heat  is  negative.  Thus,  a  hot  body  radiates 
more  heat  than  a  cold  body,  and  is  negative  to  it. 
A  rough  surface  is  negative  to  a  smooth  surface 
because  it  radiates  more  heat  than  a  smooth  siir* 
face.  For  the  same  reason  a  black  surface  is  neg- 
ative to  a  white  surface.  In  this  latter  case,  how- 
ever, the  black  surface  is  the  worse  radiator  of 
light. 

The  contact  of  dinimllar  lubstanccs  has  long 
been  considered  by  some  as  one  of  the  reiquisites 
for  the  ready  production  of  electricity  by  friction. 
In  fact,  the  production  of  electricity  by  friction 
has  been  aacriljed  as  an  effect  due  to  a  true  contact 
force  at  the  points  of  junction  of  the  rubber  and 
the  thing  rubbed.  Others,  however,  deny  the 
existence  of  a  true  contact  force  of  this  natiire, 
(Sec  -Ftfrw,  CmiucL) 

Electrfci^,  flalranii! A  term  used 

by  some  in  pl.ice  of  voltaic  electricity,  (Sec 
Eh€truity\  V&Uaic.) 

The  use  of  the  term  galvanic  electricity  would 
appear  to  be  less  logical  than  the  word  voltaic^ 
since  Volta,  and  not  Galvani,  was  the  first  to  find 
out  tlic  true  origin  of  the  difference  of  potential 
produced  in  the  voltaic  pile. 

Electricity,  Hertz's  TUeory  of  Electro- 
Magnetic   Radiations  or  Wayeg A 

iheor)',  now  generally  accepted,  which  regards 
light  as  one  of  the  effects  of  cleclrcHmagnclic 
pulsations  or  waves. 

The  recent  brilliant  researches  of  Dr.  Hertx,  of 
CarlsruhCf  show  that  when  an  impuliive  discharge 


is  passing  through  a  condnctor,  ether  warm  are 

radiated  or  propagated  in  aQ  directions  lu    ' 
space  surroundmg  the  conductor,  and  timt 
waves  are  in  all  respects  similar  to  those  of  lights 
except  that  they  are  much  longer* 

The  electro- magnetic  waves  are  set  up  k 
luminiferous  ether,  and  move  through  it  wi^r 
same  velodly  as  that  of  light.  Moreover,  electro, 
magnetic  waves  possess  the  same  powers  of  rd^tt- 
tion,  refraction,  interference,  resonance,  etc.,  etc, 
a«  arc  possessed  by  waves  of  light.  (See  ^tspma* 
ior^  Eiectric.\ 

When  an  alternating  or  simple  faradic  current 
or  pube  of  electricity  is  transmitted  from  one  end 
to  the  other  of  a  long  meCalUc  conductor,  the 
pulses  are  l>clicved  to  travel  through  the  univcral 
ether  surrounding  the  conductor  rather  thin 
through  the  conductor  itself.  The  velocity  of  tbii 
propagation  in  frvc  ether  is  the  same  as  that  of 
light,  and,  indeed,  is  identical  with  that  oi  U^ht 
itself.  In  the  inter-atomic  or  inter -moleciiUr 
ether,  whether  of  conductors,  orof  didectric^  Uie 
velocity  of  propagation  varies  with  the  nature  of 
the  medium. 

The  waves  produced  by  electric  pulia  are  of 
much  greater  len^^th  than  those  of  lighL 

According  to  Lodge  a  condenser  of  th€  capadtf 
of  a  micrO'Earad,  if  discharged  through  a  coil  lut- 
ing the  self-induction  of  t  ohm,  will  give  fwf 
Co  waves  in  the  ether  1,200  miles  in  length,  in<l 
will  possess  a  rate  of  oscillation  equal  to  about  15* 
complete  wave-lengths  per  second. 

A  common  pint  Lcyden  jar  discharged  throtgil) 
an  ordinary  dbcharging  rod,  will  pr cxhtcc  a  se- 
ries of  waves  about  15  to  20  roetrej  in  IcnfftK, 
and  will  possess  a  rate  of  osciDation  equal  Co  aliout 
ten  million  per  second. 

Lodge  calculates  that  in  order  to  obtain  the  short 
waves  requisite  to  influence  the  retina  of  the  cyt, 
and  thus  produce  light,  the  circuit  in  whithtU 
electrical  oscillations  take  place  must  have  at  Ita^t 
atomic  dimensions,  and  that  the  phenTttnena  of 
light  may  therefore  be  due  to  Icxal  o^cinauon^ or 
surgings  in  circuits  of  atomic  dinicnsioifia  (?>*• 
Lights  M^x^elti  EitetrP'Mapftic  Tktvwy  ^^ 


Bl«M^trifily,  Latent 


-A    term    fof^ 


merly  applied  to  bound  electricity. 


Electricity,     Mag'neto  — £lcciricit| 

produced  by  the  motion  of  ma^ets  past  co4h 
ductors,  or  of  conductors  past  magnrls. 
Electricity  produced  by  magntto^electiic 


A 


3 
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ioD,    (Sec  Induction,  Elcciro-Dyna- 

etrtcltf ,  UnltlpleBbtribution  or,  hj 

Mit    Foteutial    Circuit Any 

R  £or  the  distribution  of  continuous  cur- 
of  electricity  in  which  the  electro- 
|?€  devices  are  connected  to  the  jeads 
iliple-arc  or  parallel.  (See  EUctriciiy^ 
Uution  &f^  by  Cansiani  Currtnts^ 

ItrieltT*  Nttnml   Fnit  af A 

(Oinetiiiies  used  in  place  of  an  atom  oi 
icity. 

fiatiml  unit  of  etectridty  is  an  pinount 
k>  the  cbiU^  possened  by  any  monad  atom 
Mnical  dctnent* 

jutural  ttnit  of  electricity  ts  equal  to  the 
d  thousand  millionth  of  the  ordinary 
imtic  tmrt,  or  less  than  a  hundred  triU 
^f  a  cottlomb.     {%ce  Etectridty,  Aftrm  of.) 

jiliefCy,  Kf^tlre One  of  the 

I  of  electrical  excitement. 
tkind  of  electric  charge  produced  on 
prhcn  rubbed  with  cotton. 

rtrlelty.  Fhoto —Electrical  dif- 

of  potential  produced  by  ihc  action 


iMtitf,  Plant  ^ 


-Electricity  pro- 


|n  pbots  during  their  growth. 

itrfeltj,  PoaiilTe One  of   Uic 

I  oi  electric  excitement. 

^Itind  of  electric  charge  produced  on 

yihok  rubbed  against  resin, 

rbrieUy,  Production  of,  l>y  Llsrlit 

1  produciion  of  eleciric  differences  of 
id  by  the  action  of  light. 
Ipaidii  lias  noticed  that  m  dean  metalltc 
^mes  efectrified  when  light  falls  upon  iu 
^QDCCft  of  potential  are  produced  in  a 
b  oeU  when  its  electn^des  arc  unequally 
Id.  A  thenrio  celt  is  an  illustratioa  of  a 
ce  of  potential  produced  by  non-luminous 

Molty^    Pyro Electricity   de^ 

ill  certain  crystalline  bodies  by  u]> 

lieatlng  or  cooling  thenu 
pialine,  in  the  crystaUinc  state,  possesses 
ipoty   in  a   marked   degree.    \Vhcn    a 

of  tourmaline  is  heated    or  cooled^    it 
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ki    opposite 


B 


V^ 


acquires    opposite    electrification 
ends  or  poles. 

In  the  crystal  of  txMirmaUne  shown  In  Fig.  227, 
the  end  A,  called  the  analagvm  /<t^i  acquires  a 
positive  electrification, 
and  the  end  B^  called  the 
aniih^aus  pote^  a  nega- 
tive electrification,  whiU 
the  ttmperattfre  &f  thi 
cry  stalls  rising.  While 
cooling,  the  opposite 
dectrificatlons  are  pro- 
duced J 

A  heated  crystal  of 
tourmaline,  suspended  hy 
SL.  fibre,  is  attracted  or 
repellctl  by  an  electrified 
body  or  by  a  second 
heated  tourmaline,  in  the  ^Xr-  '-?r.  F^^  EMctwU 
same  manner  as  an  elec-  Crytmt. 

trificd  body. 

Many  crystalline  bodies  possess  similar  prop- 
erties. Among  these  are  the  ore  of  xinc  known 
as  electric  calamine  or  the  sQicate  of  tine,  bora- 
cite,  quartz,  tartrate  of  potash »  sulphate  oi 
quinine,  etc. 

Electricity,  Radiation  of  - — -  —The 
radiation  of  electric  energy  by  means  of  elec- 
tro-magnetic waves.  (See  EUctr icity.  Hertz's 
Theory  of  Elcctro^Mcigfutic  RadicUions  or 
Wavcs^ 

Eloctrielty,  R4>»iitfiti»  — —  —A  term 
formerly  employed  in  place  of  negative  elec- 
tricity. 

It  was  at  one  time  believed  that  all  resinous 
suljstanccs  are  negatively  electrified  by  friction. 
This  we  now  know  lo  be  untrue,  the  nature  of 
electrification  depending  as  much  on  the  char- 
acter of  the  rubber  as  on  the  character  of  the 
thing  rubbed.  Tlius  resins  rubbed  with  cotton, 
flannel  or  silk,  become  fugatively  excited,  but  when 
rubt«d  with  sulphur  or  gun  cotton,  positivety 
excited*  The  le^ms  positive  and  negative  are 
now  exclusively  employed* 

Electricity.  BerlfH^  BlHtribtttion  of,  by 
Constant  Current  Clrenlt  — Any  sys- 
tem for  the  dbtribudon  of  constant  currents 
of  electricity  in  which  the  electro-receptive 
device:;  arc  connected  lo  the  line-wire  or 
circuit  in  series.  (See  Electricity,  Distribu* 
Hon  of  by  Constant  CurrenU^ 


Eli^rtrleJly*  Httmle^FluH  Hypalbmls  of 

-A  hypochctis  ^  bich  endeavor*  to  ex- 

pUin  the  cause  of  electrical  phenamena  \ty 
the  juiMimptton  of  the  ezbtcxMX  of  a  %mg}e 
ekctnc  fluid* 

The  vtAgk'AoJd  hjrpotlbeirft  aaofMis 

(i*)  Tbat  the  phenomena  of  electricit)r  are  due 
to  the  proence  of  a  lingle.  tenooiift,  iinponder- 
aMe  flaid. 

(a  )  That  the  partJclei  of  this  fluid  rootisanf 
fcpd  one  anofber,  but  are  attracted  by  all  matrcr. 

(3.)  That  every  tubitance  pOMOM*  a  dHimie 
capacity  for  holding  tbm  atntmed  electric  Baid, 
afid,  that  irheQ  thb  capacity  i§  jmt  aatiiAed  no 
cfbcli  of  cdectrificatkm  are  manifest. 

(4.)  That  when  the  body  has  leas  tbun  this 
quantity  present,  it  bcconies  ntf^ativ.iy  rx^ittJ^ 
and  when  it  has  more,  p^sitivfty  excited, 

(5*)  That  the  act  of  friction  causes  a  rcdistribu- 
tton  of  the  fluids  part  of  it  going  to  one  of 
the  txHiicn,  giving  it  a  surpluJi,  thus  po«itivety 
electrifying  it,  and  leaving  the  other  with  a 
deftciU  thu«  negatively  electrifying  it 

The  lingle-fluid  hypothesis  has  been  provif- 
Ion  ally  accepted  by  sotne  with  this  mtxlificatjont 
that  a  ncgalively  excited  body  is  thought  t*>  Ijc 
the  one  wfcich  cont^tms  the  axitss  of  tJtc  assumed 
fluid*  and  a  positively  excited  body  Uic  one  which 
contain!  the  drfidt* 

They  make  thi«  change  on  account  of  the 
phenomena  oSicrvcd  in  Crookca'  tttb^»  where 
the  molecules  of  tlif?  residuai  gai  are  observed  to 
be  thrown  off  from  the  mgaiivt  and  not  from  the 
poiitivc  tcrminaL     (Sec  Tiih/^  Crookes\) 

Another  view  considers  electricity  to  l)e  due  to 
difiercncci  of  ether  pressure,  electricity  Ixnng  the 
ether  itself,  and  electromotive  force,  the  differences 
^f  ether  pressures.  Positive  clcctrifi cation  is  as- 
amed  to  result  from  a«urplusaqeofencrgyf  ami 
nrj^ative  electrification  from  a  deficit  of  energy* 

At  the  present  time  the  views  of  Hertz,  arc 
generally  accepted,  (See  Etrrtridty^  IhrttU 
'I'kfory  &/ EU£ir0-AfaptetU  Radiations  or  IVavts*) 

KlocWcIty,  Spwlfle    Heat   of ^— A 

term  pro]msed  by  Sir  William  Thomson  to 
iudjcalc  the  analogies  existing  between  the 
ahn^jrpiiun  ancj  emission  of  beat  in  purely 
ibermiil  phenomena,  and  the  absoqjlion  and 
cniwsion  of  heal  in  thermcMrlectric  phe- 
nomena. (Sec  Heat^  Specific^ 
Aa  we  have  already  aeea  heat  is  eitlicr  given 
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out  or  absorbed,  when  an  electric  current  paoct 
from  one  metal  to  another  across  a  junction  be. 
twecn  them.     (Sec  £fra,  PrUitr,\ 

So,  toOf  when  electricity  passes  throi^b  an  m* 
etfually  heated  wire,  the  current  tcsids  to  motaie 
or  decrease  the  differences  of  tempcraturr,  ic- 
cording  to  the  direction  in  which  it  6ow^  vai 
according  to  the  chiiacter  ot  the  meuU  |See 
Bffttt^  Tk&ms£in.') 

**  1/ dectricity  were  a  fluid,**  nys  MaiitD^ 
"running  through  the  conductor  2s  water  iloe» 
through  a  tube,  and  always  giving  out  or  ^ 
sorUng  heat  till  its  temperature  ih  thit  of  the 
conductor,  then  in  passing  from  hot  to  cuW  jt 
would  give  out  heat,  and  in  passing  from  c^ld  b 
hoc  it  would  absorb  heat,  and  the  amount  of  tbt* 
heat  would  depend  on  the  specific  heat  of  ^ 
fluul/* 

Elw! Welly,  SUtic —A  term  appid 

to  rJrctriaty  produced  by  friction* 

The  terra  static  electricity  is  proper! f  ai- 
ployed  in  the  sense  of  a  sttiiit  tkart^t  btit  not  u 
static  eUitridty^  since  that  woidd  indicate  a  pu. 
tJGular  kind  of  electricity,  and,  as  is  now  %n* 
craily  recognized,  electricity,  from  no  matter 
wttat  source  it  is  derived,  is  one  and  the  mm 
thing, 

E!ertHi'lty»  Sl4>nif6   of A   tcnn 

improperly  employed  to  indicate  such  1 
storag^c  of  cncnfy  as  will  enable  it  to  dimtfy 
rcpnxlucc  electric  energy, 

A  so-calleil  storage  battery  docs  not  store  ck^- 
tricityt  any  roorc  than  lJ:c  spring  of  a  cIckIc  o-i 
l>c  said  to  store  time  or  sound.  The  sprinu  wmn 
muscular  cncri^y,  1,  <,^  renders  the  niuatuiir 
kinetic  enery^y  potential,  whitrh,  again  htarmaij 
kinetic,  causes  the  works  of  the  clock  It?  move 
or  strike* 

lu  the  same  way  in  a  so^alled  storage  Ijattsy, 
the  energy  of  an  electric  current  is  causoj  u 
pnnlucc  electrolytic  decompositions  of  lucb  i 
nature  as  independently  to  produce  a  current  \^\ 
the  removal  of  the  electrolyring  current,  \itt 
Cfii,  Secmdary,     Cell,  Stora^,\ 

Elw  trie:  ity,      Thermo Electridty 

j>roduccd  by  differences  of  temperature  at  the 
junctions  of  dissimilar  metals* 

If  a  bar  ot' antimony  is  soldered  to  a  bar  of  Ns* 
muth,  and  the  free  ends  of  the  two  metils  aie 
connected  by  means  of  a  yalvanoracter,  iq 
cation  of  keat  to  the  junction,  so  as  to  rail 


lempenture  above  the  rest  of  the  circuit,  wQl  pro- 
duce a  difTcrcDce  of  potential,  which,  if  neutral, 
iicd^  will  cause  a  current  to  flow  acrtfsi  ihcjimi^ 
/j'«?»  from  tJjc  bismuth  to  the  antimony  (against 
the  alphabet,  or  from  B  to  A).  If  the  junction  be 
cooled  below  the  rest  of  the  circuit,  a  current  is 
produced  across  the  junction  from  the  antimony 
to  the  bismuth  (with  the  alphabet,  or  from  A  to  B). 
These  currents  are  called  thrrma-eUctric  currents, 
and  are  proportional  to  the  difiTerences  of  tern, 
perature. 

Evea  the  same  metal,  in  different  physical 
iliiies  or  conditions,  such  as  a  wire,  part  ot  which 
it  straight  and  the  remainder  bent  into  a  spiral  as 
at  U  C,  Fig.  228^  if  heated  at  F  by  the  Hame  of 
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oped  in  it. 

The  same  thing  may  also  be  shown  by  placing 
a  cylinder  ol  bismuth  J,  Fig,  229,  in  a  gap  in  a 

I  hollow  rectangle  of  copper  A  B,  inside  of  which 
a  magnetic  needle,  M,  is  supported. 

The  rectangle  of  copper  being  placed  in  the 
magnetic  meridian,  on  heating  the  junction  by  the 
flame  of  a  lamp  F,  the  needle  will  be  deflected 
by  a  current  produced  by  the  difference  of  tern- 
poature. 

Thermo-dectridty  is  generally  obtained  by 
tteans  of  the  combination  of  a  thermo-tiectric 
tf#«/Zr,  in  a  th£rmo^elf<tric  €tll,  (See  Cottpte^ 
7%trma- Electric.     Ceil,   Thermo^ Electric.) 

Since  the  difference  of  potential  produced  by 
a  tingle  thermo-electric  couple  is  small,  a  number 
cC  such  couples  or  cells  are  generally  connected  in 


series  to  produce  a  tJurmc-eltctrie  battery,  (See 
Battery\  Thcrnw- Electric*^ 

Elecirklty,    Uait    (|uaiifity    of 

The  quantity  of  electricity  conveyed  by  unit 
current  per  second* 

The  practical  unit  quantity  of  electricity  is  the 
(imhmbf  which  15  the  quantity  conveyed  by  a 
current  of  one  ampere  in  one  second. 

Electric  it  J,   Unit  Quantity  of.  Natural 

, — ^  — The  quantity  of  electricity  pos- 
sessed as  a  charge  by  any  elementary  monad 
atom,     (See  Eiectricily^  Atom  of.) 

Electricity,  Tarietiea  of^ A  classi- 
fication of  electricity  according"  to  its  state  of 
rest  or  motion,  or  to  the  peculiarities  of  its 
motion. 

Lodge  classifies  the  different  varieties  of  elec- 
tricity as  follows,  viz.: 

(I,)  Electricity  at  Rest,  or  Static  Electricity. 

This  branch  of  electric  science  treats  of  phenom- 
ena belonging  to  stresses  and  strains  in  insuialcd 
mcdia„  when  brought  into  the  neighborhood  of 
electric  charges,  together  with  the  modes  of  ex* 
citing  such  electric  charges,  and  the  laws  of  their 
iiiteractjons. 

(2.)  Electricity  in  Lx>comotion,  or  Current  Elec- 
tricity. 

This  branch  of  electric  science  treats  of  the  phe- 
nomena proiiuced  in  metallic  conductors,  chem- 
ical compounds  and  dielectric  media,  by  the  pas- 
sage of  electricity  through  them,  and  the  modes 
of  exciting  electricity  into  motion,  together  with 
the  laws  of  its  flow, 

(3.)  Electricity  in  Rotation,  or  Magnetism. 

This  branch  of  electric  science  treats  of  the  phe- 
nomena prt>duced  in  electricity  in  whirling  or 
vortex  motion,  the  manner  in  winch  such  whirls 
may  be  produced,  the  strains  and  stresses  which 
they  produce,  and  the  laws  of  their  interactions. 

(4.)  Electricity  in  Vibration,  or  Radiation. 

This  branch  of  electric  science  treats  of  the  study 
of  the  propagation  of  periodic  or  undulatory  dis- 
turbances through  various  kinds  of  media,  the 
laws  regulating  wave  velocity,  wave  length,  re- 
flection, interference,  dispersion,  polarization  and 
other  similar  phenomena  generally  studied  under 
light. 

A  misleading  classification  of  electriaty  is 
sometimes  made  according  to  the  sources  which 
produce  it.  This  is  misleading,  since  electricity, 
no  matter  how  produced,  is  one  aad  the  same. 
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The  so^CAlled  Tmri^tics  of  ^iectricity  may  be  di- 
vided into  difT(rreDt  ctuaes  According^  to  tbenfttiune 
o(  the  loopoe.  Tke  principks  of  these  are  as  foU 
kms: 

(I.)  Frictional-E!ec&icity,  or  Uaat  produced  by 
the  JTictkm  of  one  sub&tance  against  another. 

(2,)  Voltaic-Eloctridty,  or  that  produced  by 
the  contact  of  diidmilar  substances  under  tlie  in- 
fluence of  chemical  ictlon. 

(3.)  Thermo>FleclTicJty,  or  thit  produced  by 
dfflerenccs  of  tmiperature  tn  a  thcrmo  couple. 

(4-1  Pyro-Hectricity,  or  that  producod  by  dif- 
ferences  of   temperutiuc   in  ceitain  crystalline 


(5.)  Ma|pieto*Elcctridty,  or  that  produced  by 
the  motiini  of  a  conductor  through  the  iicld  of 
permanent  ma^jnets.     This  is  a  variety  of — 

(6,)  Dynamo- Electricity  I  or  that  produced  by 
moving  coodiietorf  «o  a§  to  cot  Uncs  of  magnetic 
force, 

(70  Vital-EVectricity,  or  that  produoed  under 
the  influence  of  life  or  accompanfing  tile, 

Electrlcltj\  TltiToas A  term  for- 
merly employed  10  indicate  positive  elec- 
tncity. 

It  was  formerly  believed  that  the  friction  of 
glw  with  other  bodies  aJways  produces  the 
same  kind  of  electricity.  This,  however,  is  now 
known  not  to  be  the  case. 

The  terra  is  now  replaced  by  /asttivt  cUc- 
triciiy,     (Sec  Elect ricity^  Hfun^as,) 

Electricity,  T^ltaie  — ^  ^DiHefcuc^  ol 
potential  produced  by  the  agency  of  a  vol- 
taic cell  or  batter)'. 

Electricity  Is  the  same  thin^  or  phase  of  energy 
by  whatrfio-  totirce  it  is  produced. 

Electrics, — Substances  capable  of  becom- 
ing electrified  by  friction. 

Suhitances  I3cc  the  raclali,  whkli,  when  held 
in  the  liand  could  not  be  clectriiied  by  friction 
were  formerly  caHed  mm^lectrtcs. 

These  terms  were  used  by  Gilbert  in  the  early 
history  of  the  science. 

This  distinction  is  not  now  generally  employed 
since  conducting  substances  if  insulated^  may  be 
electrified  by  friction. 

Electriflable.— Capable  of  bein^  endowed 
with  electric  propcities. 
L  Eleetriiieatlosi.— The    act    of    becoming 

H         electrified. 
^^^       The  pTodtictton  of  an  eltctcic  charge. 
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ElaetHfled   Body.-^See    B&dv,  Eitctri- 

El<*ctiify. — To  endow  wtlh  electrical  prop- 
erties. 

Eleotriae, — Relating  to  elect  nun,  or 
bcr, 

EI«etrlnitloB,  Theimfefttlcat  — 
jecting-  different  p^vns  of  tfic  human  bcxiy  to 
the  action  of  electric  ctnrents  for  the  cure  of 
diseased  conditions. 

Electro>Blology.^(Sec  Bmk^.  Ei^ir^^ 

ElMtro-Bravisif*— (See  Brmssi^,  Elec- 

Bloetro*Bro&ziii^.^(5ee  Bronzing,  EUc^ 

tro.) 

Electre  -  Capillary  Pbeaomena. — (Sec 
Pfunomena,  EUciro-CafiMlary.) 

Electroe*5sLs,— A  word  proposed  for  cur- 
ing  by  electricity. 

Electro^Cliemleal  Equlraleui.  —  4,See 
Equiva ten /,  KUctro* Cfum teal. ) 

El  ee  t  ro*€b  em  i  e  al  M  el^r.^ — ( See  Meitr^ 
EUciro-CIi^m^icaL) 

EloetrM^ieniral  Tta^plirai;.— <See  T^k- 
ph ofu;  Elcitro-Ch em uaL) 

£loetn><^ml8try.  ^  (See  Ckemiitry, 
Electrtf.) 

Eleetrf>Oirt»Hl«  KIas«.— (Scse  ICin^i, 
EUctro^Chram  iV.) 

£leetr(HCoiitiietXine.^(See  Mim^  Elet- 

Eleetro-Goppetlair-  —  (See  Copp^rmg, 
Eiictro,) 

Eleeiro-CrysUillimlioti.— (Sec  Cr^u^ilt' 
xaiion,  Electro^) 

El^trocntlea* — Capital  punisliitient  by 
means  of  electricity. 

Electrode.^ — Either  of  th#  terminals  of  an 
electric  source. 

The  term  was  applied  b)  Faraday  to  cither  cf 
the  conductors  placed  m  an  '^ectrolytic  back  ajid 
conveying  the  cturent  into  it,  and  this  is  its  strict 
meaning.  The  tenns  pofe  or  terauBsl  apply  to 
the  ends  of  a  break  ia  any  electric  drcak. 

Eler tro4«,    Avral A.    therapeu^ 

electrtNie,  shaped  for  the  treatment  ol  tlie 
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car*       (Sec      EUcirodt,        Elittro-Thtra^ 

Eleclrode,    Brush A    therapeutic 

electrode  fashioned  tike  a  wire  brush  or  other 
conducting  brush*  (Sec  EUctrinU^  Electro^ 
Therapeutic,) 

Electrode,  Caiiterx-Eiitre A  knife- 
shaped  electrode,  that  \%  rendered  incaj\- 
dcsccnt  by  the  passage  of  the  electric  cur- 
rent* 

Electrode,  Cluj A  therapeutic  elec- 
trode of  clay  shaped  to  6t  the  part  of  the 
body  to  be  treated-  (Sec  EUcirodi^  Electro^ 
Therapeutic) 

ElMsirode,  Ditte A  disc-shaped  elec- 
trode employed  in  electro-therapeutics.  (Sec 
Ettctrode,  Electro-  Therapeutic.) 

NNJtrod^,  Dry — A  therapeutic  clec- 
applied  in  a  dry  state.     (Sec  Else  trade, 
ro-  Therapeutic.) 
Intrude,  Electni-Theriipetitfo 

la  cicctra-therapeuiiATs  the  electrode  mainly 
concerned  in  the  treatment  or  diagnosis  of  the 
diseased  parts. 

Eilhcr  the  pofitivc  or  the  negative  electrode 
Duy  be  the  therapeutic  electrode,  ajid  one  or  the 
other  is  employed  according  to  the  particular 
ctiaracter  of  the  eflfect  it  is  desired  to  obtain. 
The  ofber  electrode  fs  placed  at  any  convenient 
lad  suitable  part  of  the  body,  and  is  called  the 
M^fferent  electrode. 

The  therapeutic  electrode  is  generally  placed 
nearer  the  organ  or  part  to  be  treated  than  the 
indifFerenC  electrode, 

Electrodc-Uatidle,    Pot(*-Chansrlii|r    and 

Interrupting — A  handle  provided  for 

the  ready  insertion  of  electro-therapeutic 
rlectrt)des»  and  provided  with  means  for  inter* 
rupitng  or  changing  the  direction  of  the  cur- 
ftnt 

Elertmde,  Illumined That  elec- 

inxk  of  a  selenium  cell  which  is  exposed  to 
the  hght*     (See  Cell,  Selenium.) 

l]«etrQd4%  Indlirpreiit -In  clectro- 

dwipcutics  the  electrode  that  is  employed 
mereljr  to  complete  the  circuit  through  the 
Qigia  or  part  subjected  to  the  electric  cur- 


I 
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rent,  and  is  not  directly  concerned  in  die 
treatment  or  diagnosis  of  the  diseased  parts. 
Either  the  positive  or  the  negative  electrode 
may  be  the  indifferent  electrode.  (Sec  Elettrode^ 
Electro^  Therapemiie^) 

Electrode,  Molet —A  therapeutic- 
electrode  applied  in  a  moist  condition.  (See 
Electrode,  Electro-  Therapeutic^ 

Elot'trodc,  Needle — A  therapeutic 

electrode  in  the  shape  of  a  needle,  and  em- 
ployed for  electrolytic  treatment.  (See  EUc* 
trode.  Electro^Therapeutic) 

Electrode,  Negiithe The  electrode 

connected  with  the  negative  pole  of  an  elec- 
tric source. 

Electrode,  NoB-Illantlned  —That 

electrode  of  a  selenium  cell  that  is  protected 
from  the  direct  action  of  light.  (See  Cell^  Sel» 
enium.) 

Eleetrode,  Xoii-Wfi»tiiig  - —  —A  term 
sometimes  applied  to  ihe  negative  electrode 
of  an  arc-lamp  when  made  of  indium  or  other 
similar  material. 

Electrode,  PoHlllTe —The  electrode 

connected  with  the  positive  pole  of  an  elcLlric 
source. 

Electrode,  Keetal  — A  therapeutic 

electrode,  suitably  shaped  for  the  treatment  of 
the  rectum*  \^fc^ Electrode,  Electro-Thera^ 
peudc,) 

Electrode,  Siwnge A  moistened 

sponge  connected  lo  one  of  the  terminals  of 
an  electric  source  and  acting  as  the  electro* 
therapeutic  electrode. 

Eleetrode,  rrethml An  electro 

therapeutic  electrode  suitably  shaped  for  the 
treatment  of  the  urethra.  (Sec  Electr^e^ 
Electro^  Therapeutic.) 

Electrode,  Vaginal — An  electro- 
therapeutic  electrode  suitably  shaped  for  the 
treatment  of  the  vagina.  (See  Electrode^ 
Electro-  Therapeutic.) 

Ele«tro-Depo»i'*.— (Sec  Deposits,  Ekc-^ 
tro,) 

Electrode?^ — Y'V'  terminals  of  an  electric 
source. 
The  positive  electrode  is  toroedmes  called  tlie 
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Antnie^  and  the  negative  electrode  the  Kathode, 
No  matter  for  what  purposes  employed,  they  are 
generally  in  electro-therapeutics  termed  electrodes* 
In  precise  use  these  lerms  should  be  restricted 
to  the  electrodes  when  used  for  electrolytic  de- 
^oomposttion. 

The  electrodes  are  made  of  different  shapes  and 
of  different  materials  according  to  the  character  of 
the  work  the  current  is  to  perform, 

Ele^trodt^!;;,  Carbon,  f«r  Are-Lamps — 

Rods  of  artificial  carbon   employed  in   arc 
lanfips. 

These  are  more  properly  called  simply  arc- 
lamp  carbons. 

Arc -lamp  carbons  arc  moiilded  into  the  shape 
of  rods,  from  plastic  mix^tures  of  carbonaceous 
materials  and  carbonizable  liquids.  On  the  sub^ 
sequent  carbonisation  of  these  rods  the  ingredients 
are  caused  to  cohere  in  one  solid  mass  by  the  de- 
posit of  carbon  derived  from  the  carbonizable 
materials,     (hce  Carbons^  ArtiJieitiL) 

Carbons  for  arc-lamps  arc  generally  copper- 
coated,  so  as  to  somewhat  decrease  their  resist - 
ancCi  and  insure  a  more  uniform  connumplion. 
Arc -lamp  cartxjns  are  sometimes  provided  with  a 
central  f(?r^  ot  softer  carbon,  which  fixes  the  po- 
sition  of  the  arc  and  thus  insures  a  steadier  light. 
(Sec  rardaHs,  Carrd,) 

Electrodes,  Cored  —Carbon  elec- 
trodes of  a  cylindrical  shape  provided  with  a 
central  cylinder  of  softer  carbon. 

The  use  of  cored  electrodes  for  arc  lamps  is 
for  the  purpose  of  steadying  the  light  by  maintain- 
ing the  arc  in  a  central  position.  This  is  effected 
by  the  greater  vaporization  of  the  softer  carbon 
of  the  core. 

Electrodes,  Cylindrical  Carbon — 

Carbon  cylinders  used  for  electrodes  of  an:- 
lamps,  or  for  battery  plates, 

Electrodei».  Electro-Therapeutic 

Electrodes  of  various  shapes  employed  in 
electro-therapeutics. 

The  electro- therapeutic  electrode,  as  distin- 
guished from  the  indifferent  elcctjxjdc,  is  especially 
shaped  for  the  particular  purpose  for  which  It  is 
designed. 

When  the  elcctridty  is  intended  to  affect  the 
skin  or  superficial  portions  of  the  body  only,  it  is 
applied  dry,  and  is  then  generally  metallic.  To 
reach  the  deeper  structures,  such  as  the  muscle 
or  nerve  trunks,  moistened  sponge  electrodes  are 


(i.)  Fine  electrode. 
(2.)  Small        '* 
(3.)  Medium  •* 
(4.)  Large      "       . 
(5.)  Very  large  do.. 


employed.  Before  their  use  the  skin  should  be 
thoroughly  moistened.  Sponge-electrodes  are 
generally  made  conducting  by  a  solution  of  some 
saline  substance^  such  as  common  salt. 

Electrodes,  Erb's  Standard  8be  of  — ^ 

— Standard  sizes  of  electrodes  generally 
adopted  in  electro-therapeutics. 

The  following  standard  siics  have  been  pro- 
posed by  Erb»  viz*: 

.  %    centimetre  diami 
.a  •* 

.7.5 

,6x2        " 
...8x16      " 
EleetrodeH,     Non^Polarizable    — 

Electrodes  employed  in  clectro-therapeuttcs, 
that  are  so  constructed  as  to  avoid  the  effects 
of  polarization. 

Non-polarizable  electrodes  are  obtained  by 
employing  two  amalgamated  zinc  wires,  dipped 
into  saturated  solution  of  zinc  chloride  placed  in 
glass  tubes,  and  closing  the  lower  ends  of  the 
tulies  by  a  piece  of  potter's  clay.  The  contact  of 
an  electrode  so  prepared  with  the  tissues  of  the 
body  does  not  produce  a  polarization. 

Electro-Diagnosis, — (See  Diagnosis,  Hec- 

tro,) 

EliM3tri>-0iag"nostlc. —  (See     Diagnostic, 

Electro-Dynamic  Attraction, — ^(See  Ai- 
traction.  Elect r (^Dynamic.) 

Electro-Djnamie  Capacity. —  (See  Gi- 
pacit}\  Electr&'Dyvamic,) 

Electro- Dynamic  Induction* — (See Induc^ 
tioPt^  Electro^Dynamic) 

Electro-Djnainic  Repalaion. — (See  Re- 
pid&ion^  Electro-Dynamic^ 

Electro-DTnamics.  —  (Sec  Dynamics, 
Electro.) 

Elec t ro- Dy  n am oni ete r.^ —  (See  Dyna mam- 
etcr.  Electro,) 

Electro-Etchinif,— Electric  etching,  (See 
Etching,  Electro,) 

Elec  trofirenesiii.— Results  folloveing  the 
application  of  electricity  to  the  spinal  corti  or 
nerv-e  after  the  withdrawal  of  the  electrodes. 

Electro-Gilding:.— fSec  Gilding,  EUciro^ 


-A  chandelier  for  holding 
ips,  as  distinguished  from  a  chan- 
kkling  gas-lights. 

ft« — That  branch  of  science 
Hf  electricity.     (Obsolete.) 

%^ —  Chemical  decomposition 
tneans  of  an  electric  current. 

Bctnc  current  is  sent  through  an 
K  a  liquid  which  permits  the  cttr^ 
Ujf  by  means  of  the  decomposition 
irflie  decomposition  that  ensues  is 

olytc  IS  decomposed  or  hroker*  up 
groups  of  atoms  or  radicals^  called 

of  two  distinct  kinds^  vii.i  The 
f<?i»j,  or  kiiikiamf  and  the  eUctro^ 
aman-t. 

of  the  source  is  connected  with 
ive  terminal,  it  is  clear  that  the 
're^mgativf  itmst  must  appear 
the  kathions^  or  ciectro*posiiive 
pear  at  the  katk&de, 

and    the    metals    generally,    arc 
tygen,   chlorine,    iodine,    etc.,    are 

itaining  the  electrolyte,  in  which 
osidons  take  place,  is  sometimes 
r&lyiic  €cli, 

ftic  cell  is  called  a  voltameter  when 
for  measurinjf  the  current  passing 
the  amouDt  of  decomposition  it 
Veliamtter , ) 

\%  liy  Jfeans  of  Alt^^rnatln^ 

i-lecirolytic  decomposition  ef- 
ans  of  alternating  currents. 
tcmating  current  is  passed  through 
ic  acid,  in  a  voltameler  provided 
tinum  electrodes,  no  visible  decom- 
n»  If,  however,  the  size  of  the 
diocreued  below  a  certain  point, 
compofikioii  occurs, 
red  that  when  so  otho^  break  eic- 
ircuit  of  the  alternating  currecit 
^umeter,  no  indications  of  elec- 
obtained,  unless  the  alternating 
powerful.  IC  however,  a  break  is 
lecondary  circuit,  so  that  the  dis. 


charge  has  to  pass  as  a  spark,  then  visible  signs 
of  electrolysis  are  produced  by  comparatively 
feeble  alternating  currents. 

When  electrolysis  occurs  by  means  of  alternat- 
ing currents— 

(I*)  The  gases  collected  at  both  electrodes 
have  the  same  composition. 

(2.)  Where  the  quantities  of  electricity  that  al- 
ternately pass  in  opposite  directions  are  unequal, 
the  electrodes  show  manifest  polarization,  and, 
when  connected  by  a  conduclorj  yield  a  current 
lllke  a  secondary  battery. 

(3.)  The  electrodes  manifest  no  sensible  polari- 
zation where  the  quantities  of  electricity  that  al- 
ternately pass  in  opposite  directions  arc  equal. 

Electrolysis,  Fartiday*»  Law^  of  — -  — 


The  principal  facts  of  electrolysis  are  given 
in  the  following  laws; 

(I.)  The  amount  of  chemical  action  in  any 
given  time  is  equal  in  all  parts  of  the  circuit. 

(2.)  The  number  of  ions  liberated  in  a  given 
time  is  proportional  lo  the  strength  of  the  cur- 
rent  passing.  Twice  as  great  a  current  will 
liberate  twice  as  many  *V«j,  The  current  may 
be  regarded  as  being  carried  through  the  elcc* 
^rotyte  by  the  ions:  since  an  ion  is  capable  of 
carrying  a  fixed  charge  only  of  -f-  or  —  electri- 
city, any  increase  In  the  current  strength  necessi- 
tates an  increase  in  the  number  of  ions. 

(3.)  When  the  same  current  passes  successively 
through  several  cells  containing  diflfercnt  eleC' 
Irolytcs,  the  weights  of  the  iV«j  liberatcMl  at  the 
different  electrodes  will  be  equal  to  the  siren j^th 
of  the  current  multiplied  by  the  electro-chemical 
equivalent  of  the  ion.  (See  Equivalence^  Elec* 
trQ*Chemical^  Law  0/,) 

The  chemical  equivalent  ii  proportional  (0  the 
atomic  weight  divided  by  the  XHilemcy*  (Sec 
Equivaleni^  ChemicaL) 

The  elcctro-chemical  equivalent  of  any  element 
is  equal  to  the  weight  in  grammes  of  that  clement 
set  free  by  one  coulomb  of  electricity,  and  is  found 
by  multiplying  the  electro-chemical  of  hydrogen 
by  the  chemical  equivalent  of  that  element.  (Sec 
Equivalent^  Electro-  ChemicaL ) 

Electrolyte,  Polarfzatlan   of The 

formation  of  molecular  groups  or  chains,  in 
which  the  poles  of  all  the  molecules  of  any 
chain  are  turned  in  the  same  direction,  viz.: 
with  their  positive  poles  facing  the  negative 
plate,  and   their  negative   poles  facing  the 
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positive  plate,  (Sec  Ceil,  Voltaic.  Hypoth- 
tsis,  Gr&tiAus\) 

Elotetrolytic  or  Eleclrol^rtlcaL — Pertain- 
ing to  electrolysis. 

Eleclrolftio  Analysia. — (See  Analysis, 
EUctrolytic^ 

Electrolytic  €«ll.— (See  Cdl,  Electro- 
lytic, Tesla*s.) 

Electrolytic  Clock.— (See  Clocl\  Electro- 
lytic.) 

Eloctmlytic  CondEction, — (See  Conduc- 
tion, Electrolytic) 

Electrolytic  ConTCction, — (See  Convec- 
tion, Electrolytic^) 

Electrolytic  De^omposition.^See  De- 
composition,  Electrolytic.) 

Electrolytic  Hydrog-en,^ — (See  Hydrogen, 
Electrolytic) 

Electrolytic  Wrt  ting.— (See  Writing, 
Electrolytic^} 

Electrolyticftlly.— In  an  electrolytic  man- 
ner. 

Electrolyzable*^ — Capable  of  being^  elec- 
trolyzed,  or  decomposed  by  means  of  dec- 
iricity. 

Electrolyzed, — Separated  or  decomposed 
by  means  of  electricity. 

Electrolyzinip. — Causing  or  producing 
electrolysis, 

Electro-Magnet.— (See  Magnet,  Electro,) 

Electro-Mafnptlc  Ammeter.— (See  Am- 
meter, Electro- Magnetic.) 

Electro-Magnetic  Annunciator. — (Sec 
Ann  unciator,  Ekctro^Magn  efic^ 

Electro-Magnetic  Attraction. — (Sec  At- 
traction, Electro-Magnetic^ 

Eleetro-Ma^netic  Bell-Calt— (See  Call, 
Bell,  Afagneto- Electric) 

Electro-Magnetic  Bell.  Siemen§'  Arroa- 

tare (See    Bell,    Electro-Magnetic, 

Sienuns'  Armature  Fornu) 

Electrt^-Magrnetic  Brake, — (See  Brake, 
Electro-Magnetic^ 

Sleetro-MagnieUo  Cam*— (Set  Cam, 
Elecira^A^itfgmUc^ 


Electro-Mag^netlc     BentAl-MAUet-iSce 

Dental-Ma llet,  Electro-Magnetic?^ 
Electro-Magnetic     BrllL- (Sec     DriU, 

Electro-iVfagnetic) 

Electro-Magnetic  Engine.— (Sec  £jif£nf, 

Electro- Magnetic) 

Electro-Magnetio  Exploder, — (Sec  Ms- 

piodcr,,  Electro-Magnetic.) 

Electro-Magnetic  Eye.— (Sec  Eye,  EUc- 

tro-Magnetic,) 

Electro-Magnetic    Impnlse, — (See   im- 
pulse, Elictro-Magnetic^ 

Electro-Magnetic   Indnction. — (See  In^ 

duct  ion ,  EUctrO'  Magnetic) 

Electro-Magnetic    Medium. — (Sec    Me- 
dium, Electro-Magnetic) 

Electro-Magnetic    Meter. — (See    Meter,  { 
Electro-Magnetic*) 

Electro-Magnetic    Momeninot    of  f^| 
ondary   Circnit.— (See    Momentum^    EUr- 
tro-Magnetic,  of  Secondary  Circuity 

Electro-Magnetic  PofMjttus. — (Sec  Pof- 
Gun,  Electro-Magnetic) 

EIectr(KM«gnetlc  Badlatloiv  — (Sec  ^*- 1 
diation,  Electro-Magnetic) 

Electro-Magnetic  Bepnlslon. — (Sec  ^^- 
puls  ion.  Electro-  Magnetic) 

Electro-Magnetle  Eesoiiator.— <  See  Ra- 
onator,  Electro-Magnetic^ 

Electro-Magnetic    Shmit-'(i>cc   ^whra^/ 
Electro-Magnet  ic  *) 

Electro-Magnetic    SoleBold. — (See  S«lt* 
noid,  Electro-Magnet ici) 

Electro-Magnetic  Strain.— (See  Sir^m, 
Electro-Magnetic) 

Electro-Magnetic   Stress. — (See 
Electro-Magnetic) 

Electro-Magnetic  Theory  of  Llglit  M&9 

yfe\V9^ — (Sec  Light,  Maxw^M  , 

trO'Mc^netic  Theory  of.) 

Electro-Mngnetie   Tlbratar,— (See 
brat  or,  Electro-Magnetic^ 

Electro-Magnetic  Toltmeter.— (S«Jt  ''* 
mtter,  Electro-Magnetic) 


IKllUftt€iles«  —  (Sec    Magnetics, 

B~^wmms^ — (Sec  Massage,    EUc- 
iettanlcal  Aliiriii.— (See  Alarm, 
MeckanicaL) 

f^MeeliAnteal   (ionif.— (See    Gong, 
%ieckanicaL) 

ll-Jletanar^rieAl    CrfstAlliiio   De- 
$£€  Dtpinit^    CrysiaUine,  EUciro- 

Uamisttti^n,  EUctro-Meiadlurgicai^ 

IKVftAlluririr^  Nodular  PrtiOAlt. 
Dfp&stit      Eitxtro  -  Metallurgical 

b  •  Jli'tall  u  rg-jcal    RcgrnH  ne    J>e- 
Bee  Deposit t  Electro^AfttaHurgical 

i»-MetB]lQnirieal  Sandy  I>!*pi>slt.— 
101//,  Electro^Metaiiurgical  Sandy.) 


Thomson,  in  which  the  force  is  measured  by 
the  attraction  between  the  two  discs. 

Thomson's  Attractrd-Disc  Ekctroineter  Is 
shown  in  Fig*  230.  It  consists  of  a  plate  C,  sus- 
pended from  the  longer  end  of  a  Icrcr  1,  vilhia  the 
fixed  pi^rd  f/af^^  or  guard  ring  B,  immediately 
alxi^-e  a  second  plate  A,  supported  on  an  insulated 
stand,   and  capable  of  a  measurable  approadi 


lyfeuui 


UTfy.— (Sec     Metallurgy, 


; — An  apparatus  for  mcasur-* 
of  potential. 

opera;be,  in  general,  by  mean* 
iactlMi  or  tefwlsion  of  diarged  conduc* 
wa^mStif  Mpeadcd  needle  or  disc*  As 
it  lA  iipquned  to  iov  thfough  the  appa- 
towdten  are  especaatty  adapted  to  many 
re  votonelers  could  not  be  so  readily 

i>iaeter«  AI»»oLiile  - — -  —An  clec- 
the  dimensions  of  which  are  such 
value  ol  the  electromotive  force  can 
tJj  dktcrmined  from  the  amount  of 
rtion  of  the  needle. 
m  of  attracietl-disc  elect romclcr. 
vir^mei£r.  Attracted- Due.) 

Her,    Aftractod-nijie ^A 

Irometcr  devised  by  Sir  William 


ttiwardf  C,  or  a  mo^e^cnt  away  from  ft.  The 
plate,  Ct  13  placed  in  contact  with  B,  by  mean ^  of 
a  thia  wire.  By  means  of  tkta  conneclioo  the 
distributiun  of  the  cKi^rge  over  the  plate,  C,  is 
iiniform.  The  electrostatic  attraction  is  itacas- 
iired  by  the  attracl^Diiof  the  fixed  d:$c.  At  on  the 
movable  disc,  C,  connected  rcspectivcty  to  the  two 
bodies  whose  difference  of  potefittal  is  to  be 
measured.  One  of  these  may  be  the  earth.  The 
fulcrum  of  the  lever  I,  is  formed  of  an  aluminitiin 
wire,  the  torsion  of  which  it  used  to  measure  the 
lorce  of  the  attraction;  or,  it  may  be  measured 
directly  by  the  countapalse  weight  (1, 

This  iQstrtiment  fssomeCliiies  called  an  absolute 
elcctromc!er,  bccaose,  knowing  the  dimmsIortsH 
the  apparatus,  the  value  of  the  dtflerrnce  of  poten- 
tial can  be  directly  determined  from  the  ainount 
of  the  motion  observed. 

Elccfrometer,  CoipULary  ■ 
tro meter  in  which  a  difference  of  potential  is 
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A  form  of  capillary  electroinctcr  is  shown  in 
****;•  23 1»  in  wbick  a  horizontal  glass  tube  with 
a  drop  of  acid  at  B,  has  its  ends  connected  with 
two  vessels  M  and  N^  filled  with  mercury.  If 
a  current  be  passed  through  the  tube,  a  move- 
ment  of  the  drop  iim*ards  (hf  negative  pole 
will  be  observed.  Where  the  eleclromotlve 
force  does  not  exceed  one  volt,  the  amount  of 
the  movement  is  proportional  to  the  electro, 
motive  force* 


Electrometor,  ({uadrant  - 


-An  elec- 


Fig.  2 S3,     Quadrant  Eltc 
iromtigr. 


Eleetrometer,  Eegisterixif An  € 

trometer,   the  deviations  of    the    needle | 
which  are  automatkaliy  roistered. 


iromettr  in  which  an,  electrostatic  charge  is 
measured  by  the  attractive  and  repulsive 
force  of  four  plates  or  quadrants,  on  a  light 
needle  of  aluminium  suspended  within  them. 

The  sectors  or  quadrants  are  of  brass,  and  are 
so  shaped  as  to  form  a  hollow  cyhndrical  box 
when  placed  together.  The  four  sectors,  or  quad- 
rants, are  insulated  from  one  another,  but  the 
opposite  ones  arc  connected  by  a  conducting  wire, 
as  shown  in  Fig. 
252.  A  light  needle  f'/S 
uf  aluminium,  u, 
maintained  at  some 
constant  potential, 
by  connection  with 
the  inner  coating 
of  a  Ley  den  jar,  is 
suspended,  gener- 
ally by  two  par- 
allel silk  threads, 
so  as  to  freely  swing  inside  the  hollow  box.  This 
needle,  when  at  rest,  is  in  the  position  shown  by 
the  dotted  lines^  with  its  axis  of  symmetry  exactly 
under  one  of  the  slots  or  spaces  between  two 
opposite  sectors,     (See  Suspension^  Bi-FUnr.) 

The  quadrant  electromeler,  shown  in  Fig,  233, 
lias  one  of  its  quadrants  removed  so  as  to  show 
the  suspended  aluminium  needle. 

A  similar  form  of  instrument  is  shown  in  Fig. 
234,  with  all  the  quadrants  in  place,  and  the 
whole  instrument  covered  by  a  glass  shade. 

To  use  the  quadrant  electrometer  the  pairs  of 
sectors  are  connected  with  the  two  bodies  whose 
difference  of  potential  is  to  be  measured,  and  the 
deflection  of  the  needle  observed,  generally 
through  a  telescope^  by  means  of  a  spot  of  light 
reflected  from  a  mirror  attached  to  the  upper  part 
of  the  needle. 

Sometimes  the  segments  are  made  in  the  shape 
of  a  cylinder,  and  the  needle  in  the  shape  of  a 
suspended  rectangle. 


F^,  MSS' 


The  registration  of  this  class  of  ekctromcd 
obtained  by  means  of  photography.     The  spfi 


.^1 


^^«* 


QuMirant  El^ctrvmtitr, 


light,  reflected  from  the  mirror  of  the  electron 
falls  on  a  fillet  of  sensitized  paper,  movl 
dockwork. 
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Electromotire  Anr&ngenieiit  or  I>evlce. 
—(See  Arrangement  or  Device,  Electramo- 

EleetramotlTe  DUTerence of  Potential.— 
(See  Foteniiai^  DiffereneeoJ  Electromotive^ 

ElectromotiTe  Fapoe.^(See  Force,  EUc 
tf  emotive.) 

Elp<>troiiiotlTe  Force,  Ayerage  — (See 

forie^  Electromotive,  Average  or  Mean.) 

EleetmmollTe  Force,  Back  or  Countt^r 
-(Sec  Force,  Electromotive.  Back.) 

ElectromotiTe  Force*  Direct (See 

'orct.  Electromotive,  Direct,) 

Electromot  1  v  e  Force^  I  nd  uc  ti  to 

Force,  Electromotive,  Inductive,) 

ElectnmiotiTe     Force,     Seeonilary-lm- 

fresse^    — (See  Force,  Electromotive^ 

Sicondary-Impreised,) 

EleelromoUfe    Force,     Simple-Periodic 
-^—  — (Sec  Force,  FJeitromoiize,  Simp/t- 
W  iodic.) 

Electromotive  Force,  TrausTcrse 

[See  Farce,  Electromotive   Transverse.) 
,    ETectromotlTe  Impale©*— (See    Impulse, 
^B  Iff  from  otive.) 

Elcctro-MotogTapli,—  (See  Motograph , 
Eleitro) 

Electro-Mui^'ular. — (See  Muscular.  Elec- 
tro.) 

El6ctro-3f  uiscnlar  Excitation.— (Sec  Ex- 
citation,  EUctro^Muuular,) 

Electronecrosic— Pertaining  to  capital 
punishment  by  means  ul  elect  ricily. 

ElectrODecrosis,— A  word  proposed  for 
capital  punishnnent  by  means  of  electricity. 

Eledro-NegatiTe  Ions.— (Sec  Ions,  Elec- 
tro-Negative.) 

EteetroneeatlTefi.— The  atoms  or  radicals 
Ihdl  appear  at  the  anode  or  positive  terminal 
during  electrolysis. 

The  anions.     (Sec  Electrolysis,    Anion,) 

Electro-Nenrons  Excltablllty.^ — (See  Ejt* 
€&aMity,  Elect ro-Nervous») 

El ee t ro- Nicketing.  —  (Sec  Nickelings 
Electro,) 

£l«6tnM)ptie«,— (See  Optics,  Electro,) 


Electropbiuiic.— ^Pertaitiing  to  capital  pun- 
isiimeQt  by  means  of  electricity. 

Electrophanical.— Pertaining  to  capital 
punishment  by  means  of  electricity. 

Electropliauize,-To  inflict  capital  pun- 
ishment by  means  of  electricity. 

Electroph  an  J, —Capital  punishment  by 
means  of  electricity. 

The  word  clcctrophany  would  appear  to  he  far 
preferable  to  the  word  electrocution,  since  it  is  in 
accordance  with  etyniological  usage,  white  dec* 
trocution  is  not 

ElectropUila,— A  devotee  of  electricity. 

Electn^phobia, — A  word  proposed  for  fear 
of  electricity, 

Electn»phoric.— Pertaining  to  an  electro- 
phorus.     (See  Elecirophorusi) 

Elcctropbonw.— An    apparatus    for    the 
production  of  electricity 
by  electrostatic    indue-  ^ 
tion.      (See    Induction, 
Electrostatic,} 

A  disc  of  vulcanite,  or 
hard  rubber  B,  contained 
in  a  metallic  form,  i!^  rub- 
bed briskly  by  a  piece  of 
cat's  skin  and  the  insu- 
lated metallic  disc,  A,  is  Fig*  ijs*  EltHra^hi^^Mt, 
placed  on  the  centre  of  the  Charging, 

vulcanite  disc,  as  shown  in  Fig*  235. 

The  negative  charge  produced  in  B,  by  fric- 
tion, produces  by  induction  a  positive  charge  on 
the  part  of  A*  nearest  it, 
and  a  negative  charge 
on  the  part  furthest  from  ' 
it. 

In  this  conditic^,  if 
the  disc  be  raised  from 
ihc  plate  by  means  of  its 
insulating  handle,  as 
shown  in  Fig,  256,  no 
electrical  effects  will  be 
noticed,  since  the  two  op- 
posite  and  Ct|ual  charges 
unite  and  neutralute  each  ^tg.  jj6, 
other.  If,  however,  the 
disc  A,  be  first  touched  by  the  finger,  and  then 
raised  from  the  disc  B,  it  will  be  found  to  bc/tfj- 
itively  eharged* 


Eltctr^pkcrus, 
Dtsckargimg, 


m 


EUetro-PhjBiology.— (Sec  Phy%iohgy, 
Eleciro,) 
Elec  tropic  MediuiiL^ — (See  Medium,  Eiec- 

tropic.) 
El<H!tro*Platinff.~(See  Plating,  Electro^ 

Electro-Fliitlii^  Bath-— (See  Bath,  EIh- 
tro-Plaiing.) 

Electr«*-Pnenmatfc  Sigaal^^See  S^- 
nals^  Elect ro'Pmu nut iii\) 

Eleelm-pQenmatic  Tli^nnastat.  —  (Sec 
Thcrmosta  /.  Eicctro^  Pneum  a  tic, ) 

EhK-tropoion  Liquid. — (See  Liquid^  Elec^ 
trapoioH.) 

Eloctro-PoslliTo  Ions. — (See  Ions,  Elec- 
trO'Positivc.) 

£l6ctro{KifllliTe& — The  atoms  or  radicals 
that  appe-ar  at  the  kathode  or  negative  termi- 
nal of  any  source  during  electrolysis. 

The  kathions*  (See  Etec  truly  sis  ^   Kathi&n,) 

E I  p  0  1  r  o-Pmg'iiasis. — (Sec  Pro^twstX 
Elect  >  ic.) 

Eleotro-Pu  net  lire  .—(See  Puncture,  Elec- 
tro,) 

Elerira-RpcoptlTe  BeTices.— (Sec  Device, 
Elcctro^Rectpt  ive.) 

Electro-R^cepliTr  Berices,  MiiUlfile-Are- 

ConnecleJ (See    De^icts^    Electro* 

Receptive,  Multiple- A  rc^Connected) 

Elwtr<i-RfH*€^l>tiTe  BeTlcea,  Mtiltlple-Se- 
rics-C4>atiected  — -  — (.See  Ve-.ices,  Eke* 
iro-Receptive,  Multiple-Series-Connected,) 

Eleetro-KweptiTe  BeTiee§,  S(Mieft-€oii- 
ne€t€>d  — —  — (See  De^fices,  Electro-Recep- 
tive^ Series-Connected.) 

Electro-Beceptlre  Devices*  SeHi*8*Mal- 
tlplo-C4>niiPeted —(Sec  Devices,  Elec- 
tro-Receptive, Scries-Multiple-Connccfed.) 

Electroscope.  -  An  apparatus  for  showiogr 
the  presence  of  an  electric  chai^ge,  or  for  de- 
termining its  sign,  whether  positive  or  n^a- 
tive,  but  not  for  measuring  its  amount  or 
value. 

In  the  i^old'tcaf  ctectrosoope,  two  gold  leaves, 
Di  n,  Fig.  239,  suspended  near  each  other,  show 
hf  their  repulsion  the  presence  of  an  electric 
char^.  Two  pith  balU  may  be  oaed  for  the  same 
purpose. 


[Elo. 


The  pilh  balls  B,  B,  shown  in  Hg.  337,  forn 
a  simple  electroscope.  If  repelled  by  a  dw)^ 
when  approached  by  a  similar  chai^'C  in  ^  \ 
will  at  tmce  be  still  lurHicr  rcpellod,  as  i 
the  dotted  lines. 

To  use  an  dectroBcope  for  determining  the  si^oi 


Fit.  ^S7'  ^*^  ^^^  Eltchrw^, 
an  unknown  charge,  the  gold  leaves  or  pith  balls  are 
hrst  slightly  repelled  by  a  chaise  of  known  name, 
as,  for  ejcample,  positive^  applied  to  the  knob  C, 
Fig.  239^  They  are  then  charged  by  the  electrified 
body  whose  charge  is  to  be  detcnniRed.  If  they 
arc  further  repelled,  its  charge  \%  positive.  It 
they  ate  first  attracted  and  aiberwArds  rq»dled, 
its  charge  is  negative. 

Two  posts  B,  Fig,  239,  connectiKl  with  the 
earthy  increaie  the  amoiuit  of  dtvergcooe  by  io^ 
ductinn. 

Electroscope*,  rnndensIngr,Tolta*« — 


An  electroscope  employed  for  the  detection 
of  feeble  charges,  the  leaves  of  which  are 
chaiiged  by  means  of  a  condenser. 

The  condensing  electroscope,  Fig»  ajfiy  is 
formed  of  two  nietalltc 
plates,  placed  at  the 
top  of  the  instrument, 
and  separated  by  a 
sititable  dielectric. 
The  upper  plate,  P.  is 
removable  l»y  m?ans 
of  the  uisulatcd  han- 
dle, G. 

To  employ  the  elec 
troscope,  as  for  exam* 
pie,  to  detect  the  tree  Ll 
charge  in  an  unequal  -  /r^^  ^^^ 
\y    heated  crystal    of  t**if^^^ 

tourmaline,  the  cryi^al  is  touched  to  tike  lower 
plate,  while  the  upper  plate  Is  connected  to  Che 
ground  by  the  ftnjjer.  On  the  subsequent  re* 
moral  of  the  upper  pUte  an  enomous  deoneasf 
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I  in  the  capadt}'  of  the  condeoscr,  and  the 
i  DOW  raises  the  potential  of  the  lower 
and  causes  a  marked  divergence  ol  the 
Lf  L,     (Sec  Electricity^  Pyro.) 

etromope,  Oold-L*?iif— — — An  clec- 

►pc  in  which  two  leaves  of  gold  are  used 
ect  the  presence  of  an  electric  charge, 
determine  its  character  whether  positive 
fative. 

;n  a  charge  is  imparted  to  the  knob  C,  Fig. 
kc  gold  leaves  ii,  u,  diverge.  This  will  oc- 
letbcr  llie  charge  be 
•c  or  negative. 
detenninc  the  char- 

o£  an  unknown 
t,  the  leaves  arc  first 
!  to  diverge  by  meanB  ' 
lown  positive  or  neg- 
charge.  The  un- 
I  charge  is  then  given  Fij.  2j<f,  Cold-Uuf 
leaves.     If  they  di-  EJ^r^cc^. 

ttUI  further^  then  the  charge  is  of  the  tame 
AS  that  origin  ally  possessed  by  the  leaves. 
revcr,  they  first  mai'e  iff- 
and  are  afterwards  re- 

the   charge    is   of   the 

etrQ«eai»e«  Pith  -  Ball 

—  An  electroscope  yr  [B 
sho^vs  the  presence  of 
'gc  by  the  repulsion  of 
imilarly  charged  pith 
(Sec  Ekcir&icop^.) 
two  pith  balls,  suspend- 
cooducting  threads,  but 
ed  from  the  carth«  will 
It  fta  electroscope. 

fftroaeoiie,  Qnadrant, 
ijis An  elcctro- 

somclimes   employed 
Icate  large  charges  of  || 

city, 

th  ball  placed  on  a  tight 
^  of  straw  or  other  simi- 
terial.  Fig.  240,  is  pivoied 

ceDtre  of  a  graduated 
B,    The  arm,  C,  is  at-  Fif.  240.   Ifenir^'M 

Ky  means  itf  the  screw       -H#Ktr«wv/r, 
pe  conductor  of  an  electric  machine. 
cbart^e  imparted  to  A,  by  contact 


with  C,  causes  a  repulsion  which  may  be  meas^ 
urcd  on  the  graduated  arc. 

Thia  instrument  approaches  the  electrometer  in 
the  character  of  its  operation,  since  by  its  means, 
approximately  correct  measurements  may  be  made 
of  the  value  of  the  repulsion.  It  should  not,  how- 
ever, be  confounded  with  the  quadrant  iUctrom- 
eltr,     {?ie^  Eiectrarruiery  Quadrant.) 

Electroscopfcally,— By  means  of  the  elec- 
troscope,    (Sec  Electroscope^ 

Eloctroscopy,— The  art  of  determining  the 
kind  of  charjje  a  body  possesses,  by  means 
of  an  elect roscnpe. 

Electro  -  SeuslblUty*— (See  SensMUiy, 
E/eciro!) 

Elwtra-SUTorliig.— (See  Silvering,  EUc- 

tro.) 

Elc^ctrcKSmelting.— (See  Smelting,  Elec- 

irtK) 

ElectnMtatic  Altraetlon.— {See  Attrac- 
tion, Electrostatic) 

Electrostatic  Cjipaclty.— (See  Capacity, 
Electrostatic) 

Eleetrofttatic      Circalt.— (See      Circuit, 

Electrostatic) 

Electrmtatie  Field,— (See  Fielii,  Electro- 
static) 

ElectroHtatlc  Induction.— (See  induction, 
Electrostatii,) 

El^trostatic  Induction  Machine,— (See 
Machine,  Ekctrostatic  Induct iopi,) 

Electrostatic  Leakage.— (See  Leakage, 
Electrostatic) 

Electrostatic  Lines  of  Force. — {Stt  Force, 
Electrostatic,  Lines  0/.) 

Electrostatic  RepalBioii.^(Scc  Repulsion, 
Electrostatic) 

Electrostatic  Scrroning.— (Sec  Screening, 
Ekctrostatic) 

Electrostatic  Btr^ss,— (See  Stress,  Elec- 
trostatic) 

Electrostatic  irnlts,- (Sec  Units,  FJectm 
static) 

Electrostatics. --That  branch  of  electric 
science  which  treats  of  the  phenomena  and 
measurement  of  electric  charges. 


£le.] 

The  principles  of  electrostatics  are  embraced 
in  the  following  laws,  riz.t 

(l.)  Charges  of  like  name,  /»  *•,»  cither  positive 
or  negative,  repel  each  other.  Charges  of  unlike 
n&me  attract  each  other. 

(2.)  The  forces  of  attraction  or  repulsion  be- 
tween two  charged  bodies  are  directly  propor- 
tional to  the  product  of  the  quantities  of  elec- 
tricity possessed  by  the  bodies  and  inversely 
proportional  to  the  square  of  the  distance  be- 
tween Lhem. 

These  laws  can  be  demonstrated  by  the  use  of 
Coulomb's  torsion  balance.  (Sec  Balance^  Tar^ 
sioft, ) 

Calling  q»  and  q*»  the  quantities  of  electricity 
possessed  by  the  two  bodies,  and  r,  the  distance 
between  them,  then,  if  U  is  the  force  exerted  by 
thdr  mutual  action. 


FJectro-Technlcs,— {See  Technics,  Eke- 
irtK) 

Electrothanaslng'.— Producing  death  by 
electricity, 

Ele€tr<>thftiiai4is,— A  word  proposed  for 
death  by  electricity. 

The  death  referred  to  here  is  death  other  than 
that  cau'-ed  by  capital  punishment. 

£leetn)tliaiiii8i§«.— To  produce  death  by 
electricity. 

The  death  here  referred  to  is  other  than  that 
caused  by  capital  puiiisliment. 

E  lee  trot  hanato8e,^To  cause  death  by 
eleclricily. 

Eleetrothanataaic,— Pertaining  to  capital 
pouishment  by  means  of  electricity. 

Eleetrotlianatosing.— Causing  death  by 
electricity. 

Electrothanatosls.— A  word  proposed  for 
death  by  electricity. 

The  death  here  referred  to  is  death  other  than 
that  caused  by  capital  punishmenL 

Elwtro-TherapeTitIc  Bath,— {See   Bath, 

Electro-^  Therapeutic,) 

El^JStro-TherapentJc  Breeze.— (See 
Brtcxe,  Eltciro-  Therapeutic ^ 


r>M^ 


Electro-Therapoatlc  Diffdslon  of  Car- 
rent, —  (See  Current^  Diffusion  of.  Electro-^ 
Therapeutic^ 

Eloetro-Therapeptic         Bosa^cu— ^(S  c  c 

Dosage^  Electro-  Therapeutical.) 

EloetnvTherapentic       Electrode. —(See 

Elect  rode t  Electro^  Tkeraptutiu) 

Electro-Therapentic      Electrodes.— f! 

Electrode,  Electro-  Therapeutic.) 

Electro-TUerai^entic       Oalranization.— 

(See  Galvanisation,  Elect ro-  Therapeutical,) 

Electro-Therapeiitfc         llead-Breexe.- 

(See  Brecne,  Head,  Electro*  Therapeutic) 

Electro-Therapewties.— (See     Therapm- 

tics,  Electro) 

Electro-Therapeutist,— (See     Thera, 
list.  Electro,) 

ElectrO'Thenipy,— (See    Therapy,    El^ 

tro.) 

Electro-Thermal  Meter,— (See  Metir, 
Electro  Thermal,) 

Elee tro-T  i  n  n  i  n ^, — ( See     Tinning,   EleC' 

ire,) 

Eleetrotiaic,- Pertaining^  to  capital  pun- 
ishment by  means  of  electncity. 

Elect  rot!  sluf* — Producing  capital  punish- 
ment by  means  of  electncity. 

Electroti^is. — A  word  proposed  for  capi- 
tal punishment  by  means  of  electricity. 

Eleetrotojilc  Current,— (See  Current 
Electrotonic) 

Electrotoaic  EflTect— (Sec  f^^-^/.  Elecir^ 

totiic) 

Electrotonic  ExcltahUltjf*— (See  Exciim^ 

bility.  Elect rotonic) 

Electrotonic  State.— (See  Slate,  EUfif^ 

Ionic) 

Electrotonus.— A  condition  of  altef^ 
functional  activity  which  occurs  m  a  nerve 
when  subjected  to  the  action  of  an  electric 
currcnL 


Ele.] 
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Tbc  clectrotonic  «tate  la  produced  by  t!ve 
passage  through  a  ocrve  of  a  constant  current 
olWd  tbe  polarizing  current 

Eloctrotonus  is  attended  by  tbe  modification  of 
th«  ncrre  in  tbe  following  respects,  vix»: 

(I,  J  In  its  electromotive  force, 

{2*1  In  lis  excitability. 

The  passage  of  the  constant  cturent  produces 
a  change  in  the  electromotive  force  of  that  part  of 
the  Dcrre  traversed  by  the  current. 

This  alteration  in  muscular  excitability  may 
consist  in  cither  an  increased  or  a  decreased  func* 
tiooml  activity.  The  darttuid  functional  activity 
•ccurs  in  the  neighborhood  of  the  anode^  or  the 
positive  terminal,  and  is  called  tlic  aneUctrotonk 
itaU,  Tbe  increased  functional  activity  occurs  in 
^e  neighborhood  of  the  kathode,  or  the  negative 
terminal,  and  is  called  the  kathehctrofame  StaU, 
(See  Aiulectrpiomts,    Kathihctrotonus,) 

This  altered  functional  activity  affects  not  only 
tfic  intra  poiar  parts  of  the  nerve,  or  that  part 
between  the  electrodes,  but  also  the  extra  folttr 
parfifiHSt  or,  in  other  words,  the  remainder  of  the 
nerve. 

The  etectrotonic  state  is  characteH^ed  by  two 
varieties,  vu.:  those  in  which  the  tjlectroniotivc 
force  of  the  nerve  is  decreased,  and  those  in  which 
le  electromotive  force  of  the  nerve  is  increased. 
These  varieties  of  electrotonus  are  called  respec- 
tively the  negative  and  positive  phase  of  electro- 
tonus, (See  Eieciri^timus^  Negative  Phase  &/> 
Ele€trat&m*s^  Positive  Phase  ofJ\ 

ElfetrotoAtifit  Negatire  Fba86  of 

A  decrease  in  the  electromotive  force  of  a 
nerve  effected  by  sending"  a  current  through 
the  ner\'C  in  the  opposite  direction  to  the 
nerve  current.    (See  Current^  Ncn^i^,) 

Blectrotonaa,  Positive  Phase  of  ^ 

An  increase  in  the  eleclromotive  force  of  a 
ncr\'e  effected  by  sending  a  current  through 
the  nerve  in  the  same  direction  as  the  nerve 
current. 

The  Increase  in  the  electromotive  force  not  only 
aflbcts  the  portions  of  the  nerve  in  the  intra ^ polar 
legions,  but  in  the  extra -polar  regions  as  well. 

Electrotype.— A  type,  cast,  or  impression 
of  an  abject  obtained  by  means  af  electro 
metallurgy.  (Sec  Metallurgy ,  Electro^  EUc- 
irotyping^ 

EKeetrotjpljig,  or  the  Electrotype  Pro- 


cess  — Obtaining   casts    or    copies    o! 

objects    by  depositing    metals  in  molds  by 
the  agency  of  electric  currents. 

The  molds  are  made  of  wax^  or  other  plastic 
substance,  rendered  conducting  by  coating  it  with 
powdered  plumbago. 

The  mold  is  connected  with  the  negative 
battery  terminal,  and  placed  in  a  metallic  solu- 
tion, generally  of  copper  sulphate,  opposite  a 
plate  of  metallic  copper,  connected  with  the  posi- 
tive battery  terminal.  As  tbe  current  passes,  the 
metal  is  deposited  on  the  mold  at  the  kathode, 
and  dissolved  from  the  metallic  plate  at  the 
anode,  thus  producing  an  exact  copy  or  cast  and 
at  the  same  time  maintaining  constant  the  strength 
of  the  bath, 

Ele<!trozeiiiia.^A  word  proposed  for  capi- 
tal punishment  by  means  of  electricity, 

Hectruiii.^A  name  given  by  the  ancienU 
to  various  substances  that  could  be  readily 
electrified  by  friction. 

The  term  elcctnim  included  a  number  of  sub- 
stances, but  was  applied  mainly  cither  to  amber 
or  to  an  alloy  of  gold  and  silver. 

Element, — Any  kind  of  matter  which  can- 
not be  decomposed  into  simpler  matter. 

Matter  tliat  is  formed  or  composed  of  but 
one  kind  of  atoms. 

Oxygen  and  hydrogen  are  tlemettts  or  varie- 
tifs  of  elementary  matter.  They  cannot  be  de- 
composed into  anything  but  oxygen  or  hydrogen. 
Water,  on  tbe  contrary,  is  compaund  matter^ 
since  it  can  be  decomposed  into  itj  constituent 
parts,  oxygen  and  hydrogen. 

There  are  about  seventy  well-known  eleraents» 
some  of  which  are  very  rare,  occurring  in  ex- 
tremely small  quantities. 

Tlic  evidence  of  the  true  elementary  condition 
of  many  of  the  elements  is  ba^ed,  to  a  great  ex- 
tent, on  the  fact  that  so  far  they  have  resisted  all 
efforts  made  to  decompose  them  into  simpler  sub- 
stances. We  should  bear  in  mind,  however,  that 
until  Davy*s  use  of  the  voltaic  battery,  potash, 
soda»  and  many  other  similar  compounds  were  re- 
garded as  true  elements.  It  is  not  improbable 
that  many  of  the  now  so-called  elementi,  may 
hereafter  be  decomposed  into  simpler  coDStltu* 
ents. 

The  following  table  gives  the  names,  chemicaJ 


AluminiuM . 

AnenJc. 

Bery  ilium  . 

BUmtith. 

Boroa  . 

fironyoe. 

Cadmium. 

CacsJiun. 

C^Jcium  . 

Carbon. 

Ccrmm.. 

Chlormc 

Cliromil 

Cabati. 

Capper 

Didyrnium.. 

Erbium  «... 

FJuoniU!. 

GaJtmm  . 

^enaaomin. , 

Gluciaum. 

Cold 

Hydrogen  . 

Indium* 

Iodine . 

Iridtom. , 

Iron, 

Lanthanum. 

Lead  . 

Uthhim  , 

Magnesium 

Manguieae . 
MeTQury . 
Molybdenum.. 

Nickel 

Niobium.  ... 
Ni£rcigeii  • . , , 

Osmium 

Oxygeti I 

Palladium , . , 
Pha»])hon». 
FUuaum.. . . , 
Poussium... 
Rhodinm  ..< 
Rubidium «», 
Ruiberniam.. 
Samaritim  . , . 
Scan.di«m  .. 
SeleniamM.. 
Silicon ...... 

Silver 

Sodiofn  .... 
Sirooiium  . . 
Sulplitir  .... 
Tantalium.  .. 
TeJIunum  .  ♦ 
Hulliimt.,., 
rhonum  .  «< 
Via  ,,,,.,.., 
TiU2inifn».,4 
Tuufsicn.  ..< 
Uraniom,.., 


AL 

sb. 

A*. 

Ba. 
Ihs 

Hi. 

Br. 

Cd. 

Cs. 

La. 

C, 

Ce. 

CI, 

Cr. 

C4>. 

Cu, 

D 

E. 

K. 

Ga. 

Ge. 

G. 

Ail. 

H. 

In. 

L 

Ir 

Fe, 

La. 

Pb. 

Li. 

Mg, 

Mn. 

Hg- 

Mo. 

Ni. 

Nb. 

N. 

Oa. 

Pd. 

P. 

Pt. 

K. 

R. 

Rb. 

Ru. 

Sii. 

Sc, 

Se. 

>i. 

Ag. 

Sr. 

Ta. 

Iv 

T\, 

Th. 

&t. 

li. 

W. 

V. 

V*, 

Yb. 

Y. 

Zn. 


193.7 

138.5 
ao6.5 

7* 

53-9 
199.7 
9S  5 
57-^ 
93-3 

198-5 

*6. 
105.7 

3«- 
J94  4 

39.1 
104.  t 

8i.3 

tQ4.J 

iy>.aa 

107.7 
*!• 
87  4 

tia.i 

aji  4 

J73.8 
89.8 

S9.4 


i96.»iiiMtt,65,4  Innr 


r  70 .  o 

9<S.4,  64. ».  48. a 
ji8ti]#ir<r,  )@.6mir 

103.3 
7 


199.7  in  MM, 99.9  In  /it 


5a.ciln«tt^,  sr6.4in{ir 
6.  a  in  phoaphAtes 
97.9  in  tfMj:,  4S.6m  air 

5a  in  PUT,  3i»7  in  i<" 

85.3, 

53.1  \x\m»t,  34.7111^ 


7 
to? -7 

43-7 


»o3 . 7  in  aiu,67.9  In  ic 

5S.i>  CnMKJ,  ap.4  faiiSc 
■4  in  0iM,  vamie 
9t.8inM(jr 
ug.ain^au 
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Element  Neg»tiTe One  of   the 

substances  fonning^  a  I'oltatc  couple.  (See 
CoupU,  Votiaic) 

Elemeiit,  Nc^atiTe,  of  a  Toltalo  CcH 

— That  element  or  plate  of  a  voltaic  cell  into 
whkh  the  current  passes  from  the  exciting 
fluid  of  the  cell. 

The  plate  that  is  not  acted  on  by  the  elec- 
trolyte during  the  generation  of  current  by 
the  celL 

The  copper  or  carbon  plate,  respectively, 
in  a  tine-copper  or  zinc-carbon  couple* 

It  mu^t  be  carefully  borne  in  mind  th*t  t1>e 
conductor  attached  to  the  nt^athte  eUntfnt  cf  0 
V0lSaic  pile  is  the  positive  conductor  gr  tl^ctr&iif 
&f  tht pilt\  since  the  current  tiiat  flows  into  tht 
plate  irQvsa  the  liquid  or  electrolyte  must  0ovr  oat 
of  the  plate  where  it  projects  beyond  the  tlqtud. 

ElemeDt  of  Cnrrent — (See  Curreni,  EU- 

Element  of  Btorafe  Battery. — (See  Bat- 
tery, Storage^  Element  o/*) 

Element,  PosltlTe — ^That  clement  or 

plate  of  a  voltaic  cell  from  which  the  current 
passes  into  the  exciting  fluid  of  the  cell. 

The  clement  of  a  voltaic  couple  which  is 
acted  on  by  the  excitii^  fluid  of  the  cell 
(SeeC<7«//^.  Voitaic) 

Element,  Thermo-Electri« One  of 

the  two  metals  or  substances  winch  form  a 
tlicmio-electric  couple,  (See  CeupU^  Tk»^ 
mO'Electric) 

Element  Toltaic One  of  Ibe 

raetal3  or  substances  which  forra  a  voliaiOil 
couple.     (See  CoupU\  I'oltatc) 

Elementa,    Electrical   Claablflcatiun 


-A  clasiification  of  the  chemical 


^Aimmicmtsigki  divide<l  hy  the  valemcf , 


ments  into  two  groups  or  classes  according 
to  whether  they  appear  at  the  anode  or  kaliiode 
when  electrolysed. 

The  chemical  elements  m;ay  be  arranged  iolo 
electro- positive  and  electro^ negative  acoording  to 
whether,  during  electrolysis,  they  appear  at  the 
negative  or  positive  tcnmnal  of  the  source  rapec^ 
tivdy. 

T}iG  electro-positive  elements  or  ndlcall  ii« 
called  kctthimtSf  and  appear  at  the  kathode  or 
dectro-ncgative  tcrmiiial.     The  elcsctro-o 
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I  the  length  of  a  bar  oi  iron  on  its  magnet iza- 


etemcats  sre  called  anions^  tmd  appear  &I  the 
xnode»  4ar  tkc  eiectro^positive  teniiiaaL  (See 
/ami.) 

TW  nietaib  gcncraUy  arc  clcctro-podtivc;  oxy- 
fCB»  cKlorme,  iodmc,  tluariuc,  etc,  »rc  dectro- 

Elements,  Mairnetlc,  of  a  P1ir'4* ^ 

Tbc  values  of  the  magnetic  intensity,  the  mii^ic- 
oetic  declination  or  variation,  and  the  mag- 
netic inctinatian  or  dip  at  any  place. 

Elerntor  AmmftclttUr.— (Sec  Anxftnc/a' 
tcr,  Eirt>aior^ 

EleTat»r,   El<M*tr[c  — An    elevator 

^bperated  by  electric  power. 

^V  ElMfmted  BiDi^  Core.— (See  Cere.  Rft^. 

^H    Etongratlon,  Maipnetfc An  increase 

^hl  the  len 

Tliie  increase  in  leng^th  is  thought  to  greatly 
lircBgtlicn  Hughes*  Ihirory  of  niag^netism.     (See 
Maptctism^  Hughes*  T/iei?ry  of,) 
j         ElAitimtlon  ef  Needle.— (See  NeedU^Elon- 
j      ^aiiim  of,) 

EmlNiflser,  Telegraphic  - — An  appa- 
ratus £or  recording  a  telegraphic  message  in 
lalaed  or  embossed  characters. 

Ea^tled. — A  term  sometimes  applied  to  a 
completely  dlschar^jed  secondary  or  stonge 
cclL 

It  ts  difficutt  to  determine  exactly  when  a  itor. 
ifC  cell  is  comoletelj  emptied  or  *  *  discharged .  *' 
The  cell  is  generally  regarded  ns  discharged 
«hen  its  voltage  £alU  below  a  certain  paint. 

bdemose,^ — The  unequal  mixing  of  two 
fiqxiids  or  gases  through  an  interposed  me- 
dium. 

Tbe  presence  of  an  electric  current  alTects  the 
endosmosc.     (Sec  Currents^  Dtapkra^m.) 

End«»»nio<fie,  El«etrlc.— Differences  in  the 
level  of  liquids  capable  of  mixing  through  the 
pores  of  a  diaphragm  separating  them,  pro- 
duced by  the  flow  of  an  electric  current 
ttrough  the  liquid. 

who  investigated  the^  phenom. 

tpJoy«d  a  poroua  earthen  rate  vessel  closed 

at  the  bottom  and  terminated  at  its  upper  cud  by 

glass  licU  provided  with  a  gla^  tubulurCp  to 


> 


which  was  attached  a  horizontal  arm  for  tbe  esr 

cape  of  the  hqtiid  raised  in  the  tubulure.  The 
battery  terminals  were  attached  to  platiDum  elec- 
trodes placed  respectively  inside  the  porous  cell, 
and  in  a  vessel  of  water  outside  of  the  porous  cell, 
in  which  the  porous  cell  vras  placed;  on  tbe  passage 
of  the  current  from  the  outside  of  the  cell  to  the 
inside  the  liquid  rose  in  the  glass  tubiiture  and  rati 
over  the  horizontal  tube  into  a  vessel  placed  ready 
to  receive  it* 

Ener^fzingr,  Electrically — — --Causing 
electricity  to  produce  any  effect  in  an  electro* 
receptive  device. 

An  electro-magnet  is  cnergUed  by  the  passage 
of  a  current  through  its  coils. 

Energy.— The  power  of  doing  vi^ork* 
The  amount  of  work  done  is  measured  by  the 
product  of  the/tfTf*^,  by  the  spact  through  which 
I  be  force  moves.  Thus  one  pound  raised  verti- 
cally through  ten  feet,  ten  pounds  raised  through 
one  foot,  or  fiTc  pounds  raised  through  two  feet,  all 
represent  the  same  amount  of  work ;  vLe.^  ten  /iw/- 

If  a  wdght  often  pounds  be  raised  through  a 
vertical  height  of  one  foot,  by  means  of  a  string 
passing  over  a  pulley^  there  will  have  been  ex- 
pended an  amount  of  cner^jy  represented  by  the 
work  often  foot  pounds.  If  the  weight  be  pre- 
vented in  any  way  from  falling,  as  by  sccunnj; 
the  string  to  a  fjxcd  support^  the  weight  will  have 
stored  in  it  an  amount  of  energy  equal  to  ten  foot- 
pounds, and  if  perm  if  ted  to  fall,  wilt  l)e  capable 
uf  doing  an  amount  of  work  which,  leaving  out  air 
resistance  and  friction,  is  exactly  equal  to  that 
originally  expended  in  raising  it  to  the  position 
from  which  it  fell;  viz.,  ten  foot-pounds  of  work. 

EneiYTr    Actual Energy    actually 

employed  in  doing  work  as  distinguished 
from  energy  that  only  possesses  the  power  of 
doing  work*  but  not  actually  doing  such 
work. 

This  term  is  also  used  in  the  sense  of  kinetic 
energy  or  energy  due  to  mot  ion,  but  kinetic  en- 
la^gy  is  no  more  actual  than  jx>tential  energy. 

EneiTjy,  Atciml© Chcmical-potentbl 

energy,     (See  Energy,  Ch€micat'P0imiiaL) 

Energy,  Chenilcal-PotentU! The 

potential  energy  possessed  by  the  elementary 
chemical  atoms.     (Sec  Entrgy,  Fottntial,) 
If  a  weight  of  one  pound  be  raised  vertically 
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against  the  earth *s  attraction,  through  a  distance 
of  say  ten  feet,  and  placed  on  a  suitable  support, 
an  amount  of  energy^  equal  to  Ibe  ten  footpounds 
of  work  done  on  the  weight,  becomes  potential. 

In  the  same  manner  if  the  elementary  atoms  of 
carbon  and  oxygen,  when  combined  so  as  to  form 
carbonic  acid,  are  raised  or  separated  from  one 
another  sufiTi ciently  to  decompose  the  carbonic 
add  and  separate  thecarlion  from  the  oxygen,  the 
amount  of  potential  energy  the  carlxm  and  oxygen 
possess,  as  a  result  of  having  been  separated,  is 
equal  precisely  to  that  originally  required  to  sepa- 
rate  them.  In  this  manner  each  chemical  element 
possesses  a  store  of  chemical  potential  energy 
peculiar  to  it,  and  any  element  with  which  it  may 
subsequently  enter  into  combination.  When  ele- 
ments combine  chemically  this  potential  energy  is 
expended  in  producing  beat 

Energy,  Com^rvaiion  of The  in* 

desiructibility  of  energ)'. 

The  total  quantity  of  energy  m  the  universe  is 
unalterable. 

The  total  energy  of  the  universe  is  not,  bow- 
ever,  available  for  the  production  of  wotk  useful 
for  man. 

When  energy  disappears  in  one  form  it  reap- 
pears in  some  other  furm.  This  is  called  the  can- 
scrvait&n  or  ind^itruitibility  of  emrgy.  The  com  - 
monest  form  in  which  energy  reappears  is  as  htat^ 
and  in  this  case  some  of  the  heat  is  lost  to  the 
earth  by  radiation.  This  degradathn  or  disHpa' 
Hon  of  enrrgy  Q^xiscii  some  of  the  energy  of  the 
earth  to  become  non^mmiiabh  to  man. 

Energy  is  therefore  availabie  and  nan- available, 
(See  Entropy,) 

Energ-y,  Correlation   of —  A  term 

sometimes  applied  to  the  different  phases  un- 
der which  energy  may  appear* 

Since  energy  is  indestructible,  when  it  disap- 
pears m  one  form  or  phase,  it  must  reappear  in 
another  form  or  phase.  The  correlation  of  the 
different  phases  of  energy,  therefore,  necessarily 
iollows  from  the  fact  that  all  energy  is  indestruc- 
tible. 

Energy,  Degradation    of Such    a 

dissipatjoji  of  energ)^  as  to  render  it  non- 
available  to  man.  (Sec  Energy,  Conscrva- 
Hon  of.     Entropy.) 

Energy,  Dissipation  of —The  ex- 
penditure or  loss  of  available  enei^gy. 


Energry,      Electric    — The    powo 

which  electricity  possesses  of  doing  worL 

tn  the  case  of  a  liquid  mass  at  diflferent  levels, 
the  liquid  at  the  higher  level  possesses  a  certain 
amount  of  potential  energy  measured  by  the 
quantity  of  the  liquid  at  the  higher  level,  and  the 
excess  of  its  height  o7>er  that  of  the  imcer  Ifvei; 
or,  by  the  difference  between  the  two  levels.  Any 
difference  of  level  will  produce  a  flow  of  the  liquid 
Jrom  the  higher  to  the  tower  irfel^  and  during 
I  he  flow  of  this  current  of  liquid  ♦  potential  energy 
will  be  lostt  and  a  certain  amount  of  work  wUl  be 
done. 

In  the  case  of  electricity,  the  difference  &f  ettt- 
trii/ei'^/,  OT  potential^  between  any  two  points  of 
a  conductor^  causes  an  electric  current  to  flow 
between  these  points  toward  the  lower  electric 
levcl^  during  which  electric  potential  energy  is 
lost,  and  work  is  accoropUshed  by  the  electric 
current.     (See  Potential^  EUctrii,) 

The  amount  of  this  electric  work  is  measured  by 
the  quantity  of  electricity  that  Itows,  multiplied 
by  the  difference  of  potential  under  which  it 
flows,     (Sec  Joule,      Volt -Coulomb,) 

Electric  energy,  however,  is  generally  meas- 
ured bk  electric  pmver^  or  rate  of  doing  electru 
work. 

Since  an  amp^e  is  one  c^uhmh-per^secimd^  if 
we  measure  the  di6rerence  of  potential  in  voUtt 
the  product  of  ihe  amperes  by  the  volts  will  give 
the  electrical  power  in  volt^amp^es^  or  watts^  or 
units  of  electric  pmoer.  C  E  =:  Watts  ^  (Sec 
Ampere,     Volt,     Wait,) 

One  horse  poToer  equals  550  foot-poundf  per 
second.  One  watt  or  volt-amp6re  =  ,}j  of  a 
horse-power,  or  one  horse-power  equals  746  t*oli 
ampires  or  watts^  therefore: 

The  current  tn  ampires^  multiplied  by  the  dif- 
ference of  potential  in  volts^  divided  hy  746, 
equals  the  rate  of  doing  work  in  horse-posers* 

Thus,  if  ,7  ampere  is  required  to  operate  a 
16  candle,  I  lo  volt,  incandescent  lamp,  it  requires 
4.8  watts  per  candle. 

One  Watt  =  44,2394  foot-pounds  per  m.inute. 

One  Watt  =  -717324  foot-pound  per  second. 

The  Heat  Actix>tty^  or  the  heat -per  second 
produced  by  an  electric  current,  is  also  proper- 
tional  to  the  product  C  E,  or  the  watts,  for  the 
heat  is  proportional  to  the  square  of  the  currcnl 
m  amp^es  multiplied  by  the  resistance  in  0>hm&, 
or  C*  R  =  the  watts.  (See  Calori meter ^  Elet* 
trie) 
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t'#  law  (Sec  OAm'sLaw) 

=  |-(i),  arCR  =  E(2), 

cctric  power,  or  tlic  watts»  c=  C  £  (3)* 
,  we  substitute  the  vilue  of  £,  taken 
tion  (2)  io  equation  (3)  we  have 

CE  =  CXCR==CIR; 
:t  R  =  Watts. 

rmine  the  hearting  power  of  a  current 
'alarifs^  calling  H^  the  amount  of  heat 

0  raise  t  gramme  of  water  through  1  ° 

1  C,  the  current  in  amperes — 

H  =  C*  R  X  .24. 

y  number  of  seconds,  /, 

II  =  C»  R/  X  .24. 

H  0km* s  Law, 
E 


C-= 


CO, 


brmula  for  electric  power  or  the  watts 
(2J      By  substitutmjj   in   equation  (2) 
llue  of  C,  in  equation  (i)» 

:E=EX  1  =  1"=  Watts, 

saf,  the  electric  power  in  any  part  of 
Taii»  directly  as  the  square  of  the 
iiv  fane. 

refdre,  have  three  expressions  for  the 
h^nttt  or  the  unit  of  eUciric  p(mfer^ 

^ft  E  =  Watts.         (I) 
C»  R  =  Watts.       (2) 


F^Wi 


===  Watts, 


(3» 


iTatts;  or  the  electric  power  is  pro* 
0  the  product  of  the  quantity  of  ttet- 
'*i€t9mdy  that  passes,  in  amp^es,  and 
'/«rr  cf  iUitri€  potential  or  Irvel^ 
rhlch  it  passes,  in  volts. 

R  ^  Watts;  or  the  electric  power 
}€tfy  as  the  re  it  stance  R,  when  the  cur- 
I||hi#,  or  as  the  square  of  the  current^ 
^Br^  is  constant.  That  id  to  say,  if 
HF'V'Ciistance  the  power  of  a  given 
^  a  certain  value,  and  the  current 
trough  this  same  resistance  be  doubled, 
\  is  four  times  as  greats  or  is  as  the 
^e  current. 

i  Watts,  or  the  dcctric  power  is  in- 


9trsefy  as  the  resistance  R,  when  the  electro 

motive  fitree  is  constant^  and  is  directly  proper- 
tiitnal  to  the  square  of  the  electromotive  force  if 
the  resistance  is  constant, 

A  circuit  uf  one  ohm  resistance  will  have  a 
power  of  one  watt,  when  under  an  electromo- 
tive force  of  one  volt,  since  it  would  then  have 
a  current  of  one  ampire  flowinjj  tlirough  it,  and 
C  E  r=  I.  If,  however^  the  resistance  be  halved 
or  becomes  .5  ohm,  then  two  aiup^es  pass,  or 
the  power  equals  2  watts. 

The  power  varies  as  the  square  of  the  electro- 
motive  force  in  any  part  of  a  circuit,  when  tht 
resistance  is  constant  %n  that  part.  Thus  2  am- 
p^es,  and  2  volts,  in  a  circuit  of  one  ohm 
resistance,  give  a  power,  C  E=2X2=4  watts. 
If  now,  R,  remaining  the  same,  the  electro- 
motive force  be  raised  to  4  volts,  then  since  E,  is 
doubled,  C,  or  the  amperes,  is  doubled,  and  C 


XE=:^4X4—  16  watts,  or 


16 
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Enenyry,   Electric,  Transini^^loii   of — 

—The  transmission  of  mechanical  energy  be- 
tween two  distaiit  points  connected  by  an 
electric  conductor,  by  convertmg  the  me- 
chanical energy  into  electrical  enei^  at  one 
point,  sending  the  current  so  produced 
through  the  conductor,  and  reconverting  the 
electrical  into  mechanical  energy  at  the  other 
point, 

A  system  for  the  electric  transmissioo  of  energy 
embraces: 

(I.)  A  conducting  circmi  between  the  two 
stations. 

(2,)  An  electric  source  or  l>attcry  of  electric 
sources  or  machines  at  one  of  the  stations,  gener> 
ally  in  the  form  f  a  dynamo-electric  machine 
or  machines,  for  converting  mechanical  energy 
into  electric  energy, 

(3.)  Electro^rcceptive  devices^  generally  electric 
motors,  at  the  other  nation  for  reconverting  the 
electric  into  mechanical  energy,  ^Sce  Motor, 
Electric.) 

Eneri'Tt  Flow  of  — The  flow  or  trans- 
mission of  energy  from  the  medium  or  die- 
lectric surrounding  a  conductor  which  is 
directing  a  current  of  electricity  on  to  the 
conductor.    (See  Law,  Pointings,) 

Energy,  HyRt«resial,  DlAHlpatton  of 

— The   dissipation    of  cncrjiY   by   nieaas  ot 
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hysteresis.     (See    Energy,    Dissipatimt   of^ 
Hysteresis.) 

Enfirirj,  lineflf —Energy  which  is 

due  to  motion  as  distinguished  from  potential 
energy.     (See  Energy,  Potential) 

Energj-Heter.— (See  Meter,  Energy.) 

Etter^  of  Fcwittoii.— (See  Position,  En^ 
ergy  of,) 

Eneriarj  of  Stress,— {See  Stress,  Energy 
of.) 

Eneri^,  PoUntf a1 Stored  energy. 

Potency,  or  capability  of  doing  work. 

Energy  possessing  the  power  or  potency  of 
doing  work,  but  not  actually  performing  such 
work. 

The  capacity  for  doing  work  possessed  by 
a  body  at  rest,  arising  from  its  position  as 
regards  the  earth,  or  from  the  position  of  its 
atoms  as  regards  other  atoms,  with  which  it 
b  capable  of  combining. 

A  pound  of  coal^  if  raised  vertically  one  foot, 
possesses,  as  a  mene  weight,  an  amount  of  energy 
capable  of  doing  art  am o out  of  work  ei^ual  to  one 
fool-pound.  The  atoms  of  carbon,  however,  of 
which  it  is  composed,  have  been  raised  or  srpa- 
raiid  from  tkoie  of  oxygen^  or  some  other  elemen- 
tary substance,  and  when  the  coaJ  is  burticd,  or 
the  carbon  atoms  fall  towards  the  oxygen  atoms 
(i.  c,y  unite  with  them),  the  coal  gives  up  the 
|)otentiat  energy  of  its  atoms  in  the  form  of  heat. 

All  elementary  substances  possess  in  the  same 
way  atftmic  or  chemualpolentiai  energy^  or  Uie 
energy  with  which  they  tend  to  fall  together, 
or  enter  into  combination.  This  energy  varies  in 
amount  in  different  elements  and  becomes  kinetic, 
as  heat,  on  combination  with  other  elements.  (See 
Ener^,  Chemiait- Potential.) 

Eneriry*    Eadiant Energy    traas* 

f erred  to  or  charged  on  the  universal  ether. 

Radrant  energy  Is  of  three  forms,  vii.: 
(I.)  Obscure  radiation,  or  heat. 
(3*)  LmnixioQS  radiatioa,  or  light. 
(3.)  Elcctro*may[netic  radiatkxi, 

Ener^,  Static —A  term  used  to  ex- 
press the  energy  possessed  by  a  body  at  rest, 
resulting  from  its  position  as  regards  other 
bodies,  in  contradistinction  to  kinetic  energy 
or  the  energy  possessed  by  a  body  whose 


atoms,  molecules  or  masses  are  in  sehui 
motion. 

Potential  cneigy. 

The  general  term  for  static  energy  is  J>atetiiid 
energy.     (See  Energy ^  Potentials) 

Energy,  Storage  of —The 

from  any  form  of  kinetic  energy,  to  any  forrn 
of  potential  energ\%  (Sec  Energy,  KiMtiic, 
Energy,  Potential^ 

Eii|ritte«  Electro-MagnetJo ^A  ir.o* 

tor  whose  driving  power  is  eiectxictty.  |See 
Motor ^  Electric.) 

EngraTing,    AcoiiJitie ^Engraving 

by  the  human  voice. 

In  the  Phonograph,  Craphcpkone  and  Cramip 
phone,  a  diaphragm,  set  in  vikjiatioii  by  Ui- 
speaker's  voice,  cuts  or  engraves  a  record  nf  it! 
to-and'fro  movements  on  a  sheet  of  tin  fOil,  1 
cylinder  of  hardened  wax,  or  a  specially  copied 
plate  of  metal  or  glass.  This  record  is  ccnpU^ed 
in  order  to  reproduce  the  speech.  (Sec  Pkoiwgrspk\ 

Engraving,   Electric    — A   method 

for  electrically  etchmg  or  engraving  a  me- 
tallic plate  by  covering  it  with  wajt,  tracing 
the  design  on  the  wax  so  as  to  expose  tht 
metal,  connecting  the  metal  with  the  positive 
lermuril  of  a  battcr)%  and  placing  ti  m  d 
bath  opposite  anf^ther  plate  of  metal. 

By  the  action  of  electrolysis  the  metal  is  iii< 
solved  ivom.  the  exposed  portions  and  depo, 
on  the  plate  connected  with  the  other  \\ 
of  the  battery.     (See  EUctrotyrii.) 

In  this  manner  the  design  is  obtained  in  the 
form  of  an  etching  or  cutting  of  the  plate. 

By  connecting  the  waxed  plate  to  the  negative 
terminal  of  the  electric  source,  the  metal  will  be 
deposited  on  the  expo^*d  portions  of  the  plate, 
thus  producing  the  design  \n  relief.  Unless 
great  care  is  taken,  this  latter  mctht>d  is 
however,  apt  to  produce  a  suftkicnlly  untft 
deposit  to  enable  the  plate  so  formed  to  be  u\ 
for  printing  from. 

Electric  cngraTing  i»  nooirriTncs  caQetl  e/ettr^* 
niching. 

Entropy. — In  tbermo-dynamlcs  Ibc  wHh 
available  energy  in  any  system.^ — {C/am^ 
and  Mayer.) 

In  thcnno^ynamics,  the  arailabte  emcfgi 
in  any  system.— ( Tail,  TkotHstm  and 
well) 
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!ill  be  Qotiqcfl,  this  term  is  used  in  entirely 
It  and  opfMidte  loises  bf  diflTeimt  scientific 
The  latter  lense  is,  peHuips,  the  one  most 
If  takeiu 

«Mrgy  IS  available  for  doing  useful  exter* 
II  onlf  If  hen  the  lotirce  of  li«ftt  utiliiod  is 
nurrMinding  bodies,  tha.C  h,  when  the 
isferred  from  a  hotter  to  a  colder  body, 
bodiea  have  acquired  the  same  temper- 
icy  can  do  no  more  external  work.  In 
bus  trajisformations  of  energy  some  of  the 
is  converted  into  heat,  and  this  heat  is 
Hy  ditTnsed  ihroagh  the  universe  and  thus 
i  Qon-available  to  man.  Therefore,  the 
f  of  our  earth  is  decreasing. 
Kropy,  in  thermo  dynami-^s/*  says  Max* 
U  A  quantity  relating  to  a  body  such  that 
ase  or  diminution  implies  that  heat  ha» 
or  left  the  body.  The  amount  of  heat 
Wers  or  leaves  the  body  is  measured  by  tlie 
;<rf  the  mcrease  or  diminution  of  entropy 
!  temperature  at  which  it  takes  place," 

pOfi/»  Electric ^A   term  pro- 

l^y  Maxwell  for  use  in  ihermo-elcc- 
»c3]omcna  to  include  the  doctrine  of 
f  m  declrk:  science, 
en  an  electric  current/'  says  Maxwell, 
one  metal  to  another,  heat  is 
at  the  junction  of  the  metals. 
bM,  therdin^  sup]H»e  that  the  electric 
Ihs  dhnnaished  or  increa^cil  when  the 
ly  paoaes  from  one  metal  to  the  other,  the 
entropy  lieing  different  according  to  the 
if  the  medium  in  which  the  electricity  is, 
bg  affected  by  its    temperature,  stress, 

IJjDer,  Feeder ^An  adjustable 

ioc  placed  in  the  circuit  of  a  feedcjafor 
poac  of  regulating  the  difTerencc  of 
d  at  the  junction  box. 

User,  lU^iietif A  device  for 

bg  the  otherwise  unequal  force   ex- 

ttween  a  nrw^ct  pole  and  its  arma- 
Vaiytng  distances. 

fbe  force  of  magnetic  attraction  increases 
irith  the  decrease  of  the  distance,  it  foU 
I  any  loroe  nffidcntly  great  to  cause  the 
fmm  mnBrntarr  towards  a  p«»le,  against  the 
plffiijrt  wltt result  in  the  movement  of  the 
P  la  tl»e  pole,  ;ind  that,  therefore,  no  dif^ 
ion  as  to  the  <lnal  r^'suU  will  be  produced 


by  a  powerful  current,  and  a  current  just  strong 
enough  to  start  the  action,  If^  however,  the 
armature  move  against  the  action  of  a  spring,  the 
latter  can  he  so  arranged  that  the  force  with 
which  it  oppoees  the  motion  of  Ihc  armature  in 
creases,  the  nearer  the  armatiu-e  is  to  the  pole, 
and  in  this  way  the  movement  of  the  armature 
can  be  made  proportional  to  the  strength  of  the 
current  cnergixing  the  electro- magnet, 

A  sinuiar  method  consists  in  mechanical  devices 
that  cause  the  armature  to  work  with  lessened 
mechanical  advantage  as  it  approaches  the  pole. 

Or,  tbepolar  sur&cesmay  t>e  so  shaped  by  cut* 
ting,  or  by  the  addition  of  suitable  projecticmi, 
as  to  cause  the  approach  of  the  armature  to  be 
attended  by  a  nearly  constant  force. 

Equator,  G6^ra|ihical An  imag- 
inary great  circle  passing-  around  the  earth 
midway  between  its  poles. 

Efinator,  Mag netie »  — The  magnetic 

parallel  or  circle  on  the  earth *s  surface  where 
a  magnetic  needle,  suspended  so  »ts  to  be  free 
to  move  in  a  vertical  as  well'asinalicriiontal 
plan*\  remains  horizontal. 

An  irregular  line  passing  arountl  the  earth 
approximately  midway  between  the  earth's 
magnetic  poles.  (See  If/fi  ar  luclinaiwn^ 
Angle  0f.) 

Eqnaior  of  Mugrnet — (See  Magna,  Equa- 
tor of^ 

Eqimtorial,— Pertaining  to  the  equator. 

Eqniitoriftlly,— In  the  direction  of  the 
equator. 

£qu!p(>t4?iitial  Snrfiico  of  a  Condnetor 
tkrongh  whieli  a  Current  Is  Flowing.— 
(Sec  Stttfaci\  Equipiytential^  of  a  Conductor 
through  TV  hick  a  Current  is  Ftowmg.) 

EqnliH»t(>ntial  Hitrfaco,  or  Level  Hnrfiu^ 
of  Escaping  Flnld,— (See  Surface,  EgmpQ- 
ientiai,  or  Leu^l  Surface  if  Escaping  Fiuid^ 

EqnJtftoteiitial  8nrfa€es,Ele€troi»tatlc 

—  (Sec  Surfaces,  Equipotentiai,  Ele€ir0' 
static) 

Eqitlpotenllal    Sarfaren,   Mairnftic 

—  (See  Surf  aces  t  Equi potential.  Magnetic)^ 
Eqniialenre,   Electm-riiciiilcal,  Law  of 

^The  amount  of  chemical  action  pro- 
duced by  an  electric  current,  passed  through 
various  chemical  substances,  is  proportional 
lo  the  chemical  equivalent  of  each  substance; 
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that  is,  to  its  atomic  weight,  divided  by  its 

valenqr,    (See  Valency:) 

Thus,  the  atomic  weight  of  oxygen  is  sixteen 
times  greater  than  the  atomic  weight  of  hydrogen* 
Oxygen  is  a  diad;  that  is,  has  twice  the  combin- 
ing power  of  hydrogen.  The  passage  of  a  given 
quantity  of  electricity  will  liberate  eight  times,  by 
weight,  as  much  oxygen  as  hydrogen;  or,  to  put 
it  in  another  way,  the  passage  of  a  given  quan. 
dty  of  electricity  will  liberate  two  atoms  of 
hydrogen  for  every  atom  of  oxygen. 

The  atomic  weight  of  chlorine  is  35.4.  The 
I>assage  of  a  given  amount  of  electricity  will 
liberate  a  weight  of  chlorine  354  greater  than  the 
weight  of  hydrogen;  or,  for  every  atom  of 
chlorine  it  will  liberate  one  atom  of  hydrogen. 
Here  the  passage  of  a  given  amount  of  electricity 
b'berates  one  atom  of  the  monad  dement  hydrogen 
for  every  atom  of  the  monad  element  chlorine. 

The  atomic  weight  of  gold   is   196.2,  and  its 

atomicity   or  valency   is  3.     The   passage  of  a 

106.2 
given  amount  of  electricity  will  liberate  — r—  = 

65.4  in  iV  cx>mpound3  as  great  a  weight  of  the 
triad  element  gold  as  of  hydrogen ;  or,  will  liberate 
them  in  the  proportion  of  one  atom  of  gold  for 
every  three  atoms  of  hydrogen. 

Generalising,  it  appears,  therefore,  that  the 
passage  of  the  same  quantity  of  electricity  through 
an  electrolyte  liberates  the  same  number  of  atoms 
of  a  monad  element,  no  maLter  what  their  nature 
may  be.  It  liberatesonchalf  asmanyof  thcdiad 
atoms  as  it  does  ot  the  monads,  and  one-third  as 
many  of  the  triad  atoms  as  of  the  monads. 

Professor  Lodge  points  out,  that  assuming  the 
truth  of  the  theory  that  a  current  of  electricity 
flows  in  an  electrolyte  by  means  of  a  Imc  electric 
convection,  each  atom  carrying  an  electric 
charge,  then  it  would  seem  that  every  monad 
atom  carries  an  equal  charge  of  electricity, 
whether  it  be  an  atom  of  hydrogen,  chlorine, 
potassium,  silver,  or  mercury.  That  each  diad 
element  carries  twice  as  much,  and  that  each 
triad  clement  carries  three  times  as  much. 

In  general,  the  number  of  atoms  liberated  by  a 
given  current  of  electricity  is  equal  to  the  num- 
ber of  atoms  of  hydrogen,  divided  by  the  valency 
of  the  atom.  '*  The  electric  charge, '  *  says  Lodge, 
**  belonging  to  each  atom  of  matter,  is  a  simple 
multiple  of  a  definite  quantity  of  electricity,  which 
quantity  isan  absolute  constant,  quite  independent 
of  the  nature  of  the  particular  substance  to  which 
the  atom  belongs.'* 


The  specific  chaj-gc  thus  hypothctioaUy  givoi  to 
each  atom  of  matter  is  believed  never  to  be  lost. 

Atoms  capable  of  entering  into  combination  are 
supposed  to  be  oppositely  charged,  and  chemical 
affinity  is,  according  to  this  supposition,  bdirrrd 
to  be  the  result  of  the  mutual  attractions  of  opposite 
electric  charges  naturally  and  originally  pos- 
sessed by  the  atoms  of  matter. 

Lodge  points  out  the  following  results  which 
naturally  flow  from  the  hypothesis  that  the  atoms 
of  matter  possess  definite  positive  and  negative 
charges  of  electricity,  viz.: 

(I.)  That  the  amount  of  electricity  possessed 
by  each  monad  atom  is  exceedingly  small,  being 
about  the  hundred  thousand  millionth  part  of 
the  ordinary  electrostatic  unit,  or  less  than  the 
hundred  trillionth  of  a  coulomb. 

(2.)  The  charge  being  small,  the  potential  is 
necessarily  low. 

Probably  something  between  one  and  three 
volts  is  a  high  diflferencc  of  potential  lx;tween  two 
oppositely  charged  atoms. 

(3. )  The  nearness  of  the  attracting  atoms,  how- 
ever, can  cause  a  very  strong  etectrostatlc  attrac- 
tion between  them. 

(4.)  That  chemical  afBnity,  or  atomic 
is  caused  by  the  presehce  of  these  clectr 

(5.)  That    the  electrical    force    bei 
atoms  at  any  distance  is  ten  thous^u 
billion  billion  times  greater  than  their  graviution 
attraction  at  the  same  distance,  or,  the  force  hjis 
an  intensity  per  unit  of  mass  capable  of  producing 
an  acceleration,  nearly  one  trillion  time$  greater  j_ 
than  that  of  gravity  at  the  earth's  suriace.  fl 

EquiTalent,  Chemical The  quo- 
tient oI>taiiied  by  dividing  the  atomic  weight 
of  any  elementary  substance  by  its  atonnicity. 
(Sej  IVeighi,  Atomtc,    Atamiciiy.) 

The  ratio  between  the  qu.intily  of  an 
ment  and   the  quantity  of  hydrogtm  It 
capable  of  replacing. 

That  quantity  of  an  elementary  substance 
that  is  capable  of  combining  wi'^  -^^  ^-plac- 
ing one  atom  of  hydrogen. 

Tlie  chemical  equivalent  has  a  cUUcrcnt  vaJue 
from  the  atomic  weight  whenever  the  valency 
is  greater  than  unity.  Thus  the  atomic  weight 
of  gold  is  196.2,  but  since  in  ic  compounds  one 
atom  of  gold  is  capable  of  combining  with  three 
atoms  of  hydrogen,  the  weight  of  the  gold  equiva- 
lent to  that  of  one  atom  of  hydrogen  is  onc-thtitl 
of  196.3,  or  65.4. 
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Vt  CoiidiietlTHy.— (Sec  Candmc* 

lit,   Ele€lro-€h«mical A 

resenting  the  weight  in  grammes 
entary  substance  liberated  during 
by  the  passage  ol  one  coulomb  of 
(See  Elictrolysis,  CouiomL) 
mical  equivalent  of  a  substance 
>y  ihc  electro-chemical  equivaient 

A. 

t>>cheinical  equivalent  \^  therefore^ 
Itiplying  the  electro-chemical  cquiva- 
'Ogen  by  the  chemical  equivalent  of 

determined  experimentally  that  one 
electricity,  expended  clectrulytically, 
I  ^0000105  gramme  of  hydrogen. 
rurretil  of  one  ampere ^  or  one  couiomh- 
rill  Uberate  ,0000105  gramme  of  hy- 
ecofid*  The  number  .0000105  is  the 
lical  equivalent  of  hydrogen, 
cmanner  the  electro  chemical  equiva- 
>ther  elements  are  obtained  by  multi- 
sctro-chemical  equivalent  of  hydrogen 
ical  equivalent  of  the  substance. 
chemical  cquivaTcnt  of  potassium  is 
»re  its  elect ro-chem ical  equivalent  is 
M05  =  ,00041055.  By  multiplying 
\  of  the  current  that  passes  by  the 
ical  equivalent  of  any  substance  we 
eight  of  that  substance  liberated  by 
(See  EquivaUm^y  EUitro-Chemiiat^ 

line  the  electro-chemicai  equivalent 
elements  see  table  of  chemical  equi va- 
kils. 

nt,  Jofile*8 — The  mechan- 

zwX  of  heat.  (See  Heat,  Mechan^ 
lUnt  0/,) 

nt  of  Hertt,  Meclijiiiical 

Mechanical  Equivalent  of.) 

nt  Eeslstauce,— (See  Resistance, 

V) 

.—A    term    proposed    by    J*   T. 

-  the  unit  of  electrical  energy,  ap- 

ally  to  chemical  decomposition. 

cfines  an  equivolt  as  follows  :    *'  The 

•ncrgy  of  one  volt  electromotive  force 

ET  unit  conditions  through  one  equiva- 

Ical  action  m  grains/* 


This  term  has  not  been  geocraBy  accepted. 

(See  Vclt'Cotd&mh.      Joule :\ 

ErVs  Standard  Size  of  Elect r<Hie§*— (See 

Electrodes^  Erb^s  Slamiard  Size  o/,) 

Er^. — The  unit  of  virork,  or  the  work  done 
when  unit  force  is  overcome  through  utiit 
distance. 

The  work  accomplished  when  a  body  is 
moved  through  a  distance  of  one  centimetre 
with  the  force  of  one  dyne.     (See  Dyne.) 

A  dyne  centitnetre. 

The  work  done  wlien  a  weight  of  one  gramme 
is  raised  against  gravity  through  a  vertical  height 
of  one  centimetre  is  equal  to  981  ergs,  because 
the  weight  of  one  gramme  is  1  X  9^1  dynes,  or 
981  ergs. 

The  following  values  for  the  erg»  the  unit  of 
M^ork,  and  the  dyne,  the  unit  of  force,  are  taken 
from  Hering; 

I  erg    ^  t  dyne  centimetre. 
I  erg    s=  0.0000001  joule. 
981  ergs  ==  I  gramme  centimetre. 
1,937.5  ergs  ==  I  foot  grain. 

13,562,600  ergs  ^=  I  foot-pound. 

I  dyne  ^=  1.0194  milligrammes^ 
I  dyne   =  0.015731  grain. 
I  dyne  =  0.0010194  grammes. 
I  dyne  =  o>oooo3596  ounce  avoirdupoia. 
63.568  dynes  ^  i  grain, 
981  dynes  =  i  gramme, 

Erg-inet^r* — An  apparatus  for  measuring 
the  work  of  an  electric  current  in  ergs. 

Enr-ten. —  A  term  proposed  for  ten  million 
ergs  or  I  X  10  '"=  10,000,000,000. 

In  representing  large  numbers  containing  many 
ciphers  the  fjllowing  plan  is  generally  adopted  for 
representing  the  number  of  ciphers  that  arc  to  lie 
added  to  a  given  number.  Thus,  suppose  it  is 
desired  to  represent  the  nunil>er  3,800,000,000. 
When  written  38  X  10"  it  indicates  that  38  is  to 
tie  multiplied  by  10'  or  loo.ooOtOOO,  or,  in  other 
words,  that  38  is  to  be  followed  by  8  ciphers, 
thus  3,800^000,000. 

A  negative  exponent,  as  3  X  io~'  represents 
the  corresponding  decimal  thus,  .00000003. 

t  erg  X  10*®,  or  10,000,000,000  is  called  an 
erg  /rti.  I  X  lO*  =an  erg  //x.  These  terms 
are  not  in  general  use;  Ten  meg-ergs  is  a  pref- 
erable phrase  to  an  erg* ten.     (See  Meg-erg.) 

Eseiipe,    Electric A   term   some- 
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thnes  employed  to  iiKficate  the  loss  of  chaige 
on  an  insulated  conductor.    (See  Lmkage, 
EUctric.) 
Eaeaplng  FI«Id,  Ftow-Lloes  of 

(See  Flaw^Umes  of  Eseapit^  Fluid,) 
BMspiiisr  Fluid,  StrMim-IiBes  of 

(See  Stream-Lines  of  Escaping  Fluid.) 

Essential  Seslstmee. — (See  Resistance, 
Essential^ 

Etchiii;,  Electro A  term  some- 
times employed  instead  of  electro-engraving. 
(Sec  Engraving,  Electric.) 

EleUiig,  Galf  aftie Electro-En- 
graving.   (See  Engraiving,  EUctric) 

Ether. — The  tenuous,  highly  elastic  fluid 
that  is  assumed  to  fill  all  space,  and  by  Nibni- 
tions  or  waves  in  which  light  and  heat  are 
transmitted. 

Although  the  existence  of  the  ether  is  assumed 
in  order  to  explain  certain  phenomena,  its  actual 
existence  is  very  generally  credited  by  scientiBc 
men,  and,  in  reality,  proob  are  not  wanting  to 
fairly  establish  such  existence. 

Light  and  heat  are  believed  to  be  due  to  trans- 
verse vibrations  in  the  ether.  Magnetism  appears 
to  be  due  to  whirls  or  whirlpools,  and  an  elec- 
tric current  is  believed  by  some  to  be  due  to 
pulses  of  waves  of  ether  set  in  motion  by  differ- 
ences  in  the  eiher  pressures. 

It  is  not  correct  to  regard  the  luminifierous 
ether  as  possessing  no  weight,  or  as  being  im- 
ponderable.     Maxwell  estimates  its  density  as 

— -^^^- that  of  water.     It 

1 ,000,000,000,000,000,000,000 

is  very  readily  moved  or  set  into  vibration,  its 

rifiddity  being  estimated  at  about     

^      J  w..-.-^  1,000,000,000 

that  of  steel. 

According  to  the  speculations  of  some  physi- 
cists the  ether  is  not  discontinuous  or  granular, 
but  it  is  similar  to  what  might  be  regarded  as  an 
almost  impalpable  jelly. 

Ethereid. — Pertaining  to  the  univers*'il 
ether. 

Eudiometer. — A  voltameter  in  which  sep- 
arate g^duated  vessels  are  provided  for  the 
reception  and  measarement  of  the  gaseous 
''•■ring  electrolysis.     (Sec 


In  all  cases  electrodes  kir  rnrtinmclM 
used  which  do  not  enter  into  comfaioatioi 
evolved  gaseous  products.  In  thecase< 
and  hydrogen,  platinum  is  general^  us 

A  form  of  eudiometer  is  shown  in 
Two  separate  glass  ves- 
sels,  provided  at  the  top 
with  stop  cocks,  and 
open  at  their  lower 
ends,  rest  in  a  vessel  of 
water  A,  over  pladnum 
electrodes,  connected 
electrically  with  binding 
posts  K,  K.  Both  ves- 
sels are  filled  with  water 
slightly  acidulated  with 
sulphuric  acid,  and, 
when  connected  with 
a  battery  of  sufficient  < 
electromotive  force  (not 
less  than  1.45  volts), 
electrolysis  takes  place,  Fig,a4t,  £a 
and  hydrogen  gas  collects  in  the  v< 
the  platinum  electrode  connected  witl 
ative  battery  terminal,  and  oxygen  in 
over  the  electrode  connected  with  th 
battery  terminal.  The  volume  of  the 
is  approximately  twice  as  great  as  th 
oxygen.     (See  H^afer,  ElectrofyHt  ef.) 

The  proportion  \s  not  exactly  s  to  i, 

(I.)  Some  of  the  hydrogen  is  occhidi 
sorbed  by  the  platinum  electrode. 

(2.)  Some  of  the  oxygen  is  given  0 
atomic  oxygen,  or  ozone,  which  is  de 
occupies  less  space  than  free  atomic  oxyi 

Eadfometrle. — Pertaining  to  the 
eter.     (See  Eudiofneter,) 

Endiometrically. — By  means  of  tl 

ometer. 

Evaporation.— The  change  from  tl 

to  the  vaporous  state. 
Wet  clothes  exposed  to  the  air  are  dri( 

evaporation  of  the  water. 
Evaporation  is  greater; 
(I.)  The  more  extended  the  siufuxse 
(2.)  The  higher  the  temperature  of  the 
(3.)  The   dryer  the  air,  or    the  nu 

quantity  of  vapor  it  contains  already. 
(4.)  The  stronger  the  wind. 
(5.)  The  smaller  the  barometric  pre«u 
Evaporation,  Eleetrlc The 
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apors  at  the  surfaces  o'  substances 
ifluence  of  negative  elect nficatjon 

rm  electric  evaporation  was  proposed  by 
lor  the  Curmation  of    metallic  vapors  of 
ilonccs  as  Tnefilhc  pbiinum  exposed  m 
ua  to  the  effects  of  negative  elecuifica- 
c  shows  that  under  these  circumstances 
ceinolccales  of  the  platinum  lo^e  their 
f  cohertng  and  fl/  oflf  mto  the  space 
icm,  i\  f  ,  suffer  true  evaporation      This 
ikcs  place  under  aimosphenc  pressures, 
ordinary-  evaporatioo,  is  greatly  facih 
the  presence  of  a  high  v.icuum. 
electric   evaporation   takes    place    wtlh 
•  weU  as  with  solids.     In  an  expert mvut 
BV  the  influence  of  the  kind  of  the  dec 
i  was  cleatly  shown.     A  vcssd  of  water 


to  the  air  was  first  po5ttivcly  electrified, 

§  exposure  of  if  hours  only  n  trifling 
was  Qoticcahle-  The  water  was 
i&rely  electrifpjid,  and  At  the  end  of  i  \ 
1  lost  Y^^gu  part  of  it«  weight  more  than 
Iptvely  charj^ed  water. 
fPCrookcs  experimented  with  cadmium, 
rdcr  to  show  that  elect nc  evaporaljon  is 
From  evaporahon  produced  by  the  agency 
ned  the  following^  yiz.?  A  hi^h  vacuum 
ed  as  shown  in  Fig  242,  was  pro^ 


^  platinum  poles  sealed  in  the  glass  at 
;.  Two  pieces  of  cadmium,  C  and  D, 
ced  in  the  tut)c  m  the  position  shown, 
^•b::  uniformly  heated  by  means  of  a  gas* 
k1  ab  bath,  and  maintained  at  &  constant 
ore.  I  "he  current  was  then  passed  for 
hour*  B^  bdn^  made  the  negative  pole. 


No  metal  was  deposited  tn  the  neighborhood  of 
the  positive  pole,  the  portions  ol  the  tube  sur- 
rounding  Ihe  posilivc  pole  being  quite  clean, 
while  the  correspondmg  portions  of  the  other  limb 
of  the  tube  were  thickly  coated,  as  shown  by  the 
shading'  m  the  drawing 

In  another  cxpcnmenU  in  which  the  tempera- 
ture was  kept  lower  than  in  the  preceding,  viz», 
just  t>cIow  the  melting  point  of  the  cadmium, 
after  the  current  had  passed  for  an  hour,  the  limb 
of  the  tube  through  which  the  current  liad  passed 
had  received  a  thick  coatings  while  the  other  was 
nearly  free  from  coating,  as  shown  in  Fig.  243. 
Here  the  increase  in  the  amplitude  of  the  mole* 
cular  osciltation  under  the  influence  of  the  elcc- 
Incity  IS  raamfest, 

Evaparnf  Ion,  Eloetrfflcation   by  — 

An  m  crease  in  the  differ  en  ce  of  potential  ex* 
TSting  in  a  mass  of  vapor  attending  tls  sudden 
condensation. 

The  free  electricity  of  the  atmosphere  is  be- 
lieved Ity  some  to  l>e  due  to  the  condeiiHation  ol 
the  vapor  of  the  air  that  results  in  ratn,  had, 
clouds,  etc.  It  ts  probable,  however,  that  the 
true  effect  of  condcnsatiou  is  mamly  Uinited  to 
the  increase  of  a  feeble  dectn6cation  already 
possessed  by  the  air  or  its  contained  rapor.  The 
smaB  diflFercnce  of  potential  of  the  exceedingly 
small  drops  of  water  in  clouds  is  enormously  in- 
creased by  the  union  or  coatescing  of  many 
thoiusands  of  such  drops  into  a  single  rata  drop, 
(See  BUctridty^  Atmospheric) 

Exelianir^  Telephunie,   System   ^t 

— A  combinalioa  of  circuits,  switches  and 
other  devices,  by  means  of  which  any  one  of 
a  number  of  subsicribcrs.  connected  with  a 
telephonic  circuit,  or  a  neighboring  telephonic 
circuit  or  circuits,  may  be  placed  in  electrical 
communication  with  any  other  subscriber 
connected  with  such  circuit  or  circuits, 

A  telephone  exchange  consi*ts  essentially  of  a 
multiple  switchboard^  or  a  number  of  multiple 
switchboards^  furnished  with  sprimg-Jaiks^  an'- 
HUHciatffr  dr^t^  and  suitable  conneeting  cords,  A 
<:a//^r//,  or  bells,  is  alto  provided.  The  annun* 
ciator  drops  are  often  omitted*  (See  B^ard^ 
AftiidpU  Swiick,) 

Kxeltahnity.Elwtrie,  of  X<*rT<^  or  Mf»- 

cular  Fibre — The  effect  produced  by  an 

electric  current  in  stimulating  the  nerve  ot  ai. 
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living  animal,  or  in  producing  an  Involuntary 
contraction  of  a  muscle. 

Du  Bois-Rcf  mond  liai  shown  that  these  effects 
depend  : 

(i.)  On  the  strength  of  the  current  craployed. 
The  excitability  occurs  only  when  the  current 
begins  to  floWp  and  when  it  ceasci  flowing;  or^ 
when  the  electrodes  first  touch  the  nerves,  and 
when  they  are  separated  from  it.  Subsequent 
investigaUons  have  shown  that  this  i^  true  only 
for  the  frog's  nerves,  and  is  true  for  Ihe  human 
nerves  only  in  the  case  of  moderate  currents, 
strong  currents  producing  tetanus. 

(2.)  On  the  rapidity  with  which  the  current 
used  reaches  its  maximum  value^  that  ii,  on  the 
rapidity  of  change  of  current  density,  (See 
Current  Density, ) 

Hxeitahillty,    EliH^tro-Xerroas    — 

In  ekciro-therapeutics  the  electric  excitation 
of  a  nerve. 

Excitability,    Electrotoiiic —The 

actual  excitability  of  a  ner\'e  when  in  the 
elcctrotonic  condition,  (See  Electn^ionus^ 
Anelectroton  us,    Kath  electrotonus.) 

ExcitaMllty.  Faradle  — --—Muscular  or 
ncnous  excitability  following  the  employment 
of  the  rapidly  intermittent  currents  produced 
by  induction  coils.     (See  Co  (I,  Induction,) 

Faradic  excitability  is  different  from  gahanic 
excitability^  or  that  produced  by  means  of  a  con- 
tinuous  voltaic  current.  (See  Excitability^  Gal- 
vanic. ) 

Excitability,  Oahanlc  — —  —A  term 
sometimes  employed  for  electric  excitability 
of  n  erv^e  or  mo  sc  u  I  ar  fi  bre,  <  See  Exc  it  ability^ 
Ehciric^  of  Nente  or  Muaular  Fibre.) 

Excitation,  Compensated,  af  Altematon 
^(See  Alternator,  Compensated  Excitation 
of.) 

Excitation,  Direct *  — The  excitement 

of  a  muscle  by  placing  an  electrode  on  the 
muscle  itself. 

Exci  tilt  ion,    Elect  ro-MniH'ular    — 

In  elcctro-therapeulics  the  galvanic  or  faradic 
excitation  of  the  muscle,  or  its  excitation  by 
the  continuous  currents  of  a  voltaic  batter\%  or 
the  alternating  currents  of  an  induction  coiL 

Excitation,  Farad  Ic Excitation  of 

muscle  or  nerve  fibre  by  means  of  rapidly 


alternating    currents    of    electricity.       (Sec 
Excitability,  Earadic) 

Excitation,  Indirect The  excite* 

mcnt  of  a  muscle  from  its  nerve, 

Exei  ter  of  Field.— (See  Field,  Exeiler  ^/) 

Exciting:  Liqnid  ot  Toltalo  Cell,— (See 
Cell,  Voltaic^  Primary,  Exciting  Liquid  of.) 

Execution,  Electric  — Causing  the 

death  of  a  criminal,  in  cases  of  capital  pun- 
ishment, by  means  of  the  electric  current. 

Electric  execution  has  been  adopted  by  the 
State  of  New  York,  \i\  accordance  with  the 
following  law  : 

"Tlie  Court  shall  sentence  the  pHsoner  to 
death  within  a  certain  week,  naming  no  day  or 
hour,  and  not  more  than  eight  tior  tess  than  five 
weeks  from  the  day  of  sentence*  The  execution  , 
must  take  place  in  the  Slate  prison  to  which  am-  | 
victed  felom  are  sent  by  the  Court,  and  thccjtccii- 
tioncr  must  be  the  agent  and  warden  ot  the  prison. 

*'No  newspaper  may  print  any  details  of  the 
execution,  which  is  to  be  inllicted  by  electridty. 
A  current  of  electricity  is  to  1)6  caused  to  paf« 
through  the  body  of  the  condemned  of  sufficient 
intensity  to  kill  him,  and  the  application  15  to  be  I 
continued  until  he  is  dead.** 

ExIian«itioii,  Electric  — ^ Physiological 

effects  resembling  those  produced  by  sun- 
stroke, resulting  from  prolonged  exposure 
to  the  radiation  of  unsually  large  voltaic  arcs,  | 
(See  Su ft- Stroke,  Electric) 

Exlianstion  of  Primary  Toltalo  Cell,—  ] 
(See  Cell,  Voltaic,  Primary,  Exhaustion  a/^ 

Ex!iaa»tl<iit  of  Secondary  Tol talc  CelL— 
(See  Cell,  Voltaic,.  Secondary,  ExAaustiom  q/,)  j 

Exhanstion  of  Toltaic  CelL-«(See  Cill\ 

Voltaic,  Exiiaustion  of,) 

Exlianstlon,  React  ion  of A  con* 

dition  of  nenous  and  muscular  irritability  lo  1 
electric  excitation  when  a  certain  reaction,! 
produced  by  a  given  current  strength,  cannot  | 
be  reproduced  without  an  increase  of  current  | 
strength. 

The  reaction  of  exhaustion  may  be  regarUeU  as 
a  special  variety  of- the  reaction  of  degeneration. 
(See  DcgtnerattoH,  A*t^nnim  &/.) 

The  reaction  of  degeneration  enibraccs  thi 
following  modifications  of  irntabUity,  tu.: 
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(I.)  Disappeamuice  or  dtmiiiution  of  ncrrotis 
imUbiUty  to  both  galvanic  and  taradtc  currents. 

(2.)  0isjippcar&nce  of  faradic  and  increase  of 
galvanic  imtAbUity  of  mu^les,  generally  associ^ 
atcd  with  an  increase  of  mechanical  irritability. 

t(j  )  Disappearance  of  faradic  and  increase  of 
ivanic  muscular  irritability  associated  generally 
th  increased  mechanical  irritabiHty. 
(4.)  Tardy,  delayed  contraction  of  muscles  in- 
rad  of  quick  reaction  of  normal  muscle, 
(5.)  Marked  modiRcalions  of  normal  sequence 
w  contraction*— ZfV^i^  (>  I^oh^. 

Expanding  Magnetic  Whirl,— (See 
y^kitl^  Expanding  MagHfti\\) 

Expan^on,    Co-^ftIrl«*nt    of The 

fraclianal  increase  in  the  dimensions  of  a  bar 
or  rod  when  heated  from  32  decrees  to  33 
degrees  F.  or  from  o  degree  to  I  degree  C. 

The  ^uctlonal  increase  in  the  length  of  the  bar 
I  called  the  Co-ejjflcieni  of  Lituar  Expansion, 

The  fractional  incrcato  in  the  stir^ce  is  called 
the  Ctf/fitu-ni  efSurftue  Expansion, 

The  fractional  increase  in  the  volume  is  called 
the  C^'/jficiaU  0/ Cubic  Expamion, 

Bxpanaloit.  Electric The  increase 

m  volume  produced  in  a  body  on  giving  such 
body  an  electric  charge. 

A  Ley  den  jar  increases  in  volume  when  a 
charge  is  imparled  to  it  This  result  is  due  to  an 
expansion  of  the  glass  due  to  the  electric  charge. 
According  to  Quincke,  some  sub^^tance^,  such  as 
fOiilous  or  oily  bodies,  manifest  a  contraction  of 
whim^  on  the  reception  of  an  electric  charge. 

Ex  |ia  AH  Ion  Joint.  —  ( See  fvin/.  Ex  pa  n- 
non  I 

Expansion,  Linear,  CcKeBttelent  of 

»A  number  expressing  the  fnictionat  increase  m 
length  of  a  bar  for  a  given  increment  of  heat. 
The  co-efficients  of  expansion  of  a  few  sub- 
itance»  are  g:TVca  in  the  following  table: 

Tempk 

Aluuwnium 16  to  100  degrees  C .  .0.00002^5 

Braa     o   '  100    ♦•       '*    ..0.0000188 

Copper.,.. o  "  100    ♦*       *»    .,0.0000167 

Ocnnan  sitver. .    Q*    too    *'       **    ,.0.0000184 

tJlii* ,.    o  "  100    '*       *♦    ..0.0000071 

Iton .,..   tj  *•  100    »*       '*    .0,0000123 

Jfid    o  ♦»  too     •*        •*    ..0.0000280 

2f|toum  •••••>    o*»  too    •*       **    .  0.0000089 

yw o  **  100    »'       *«    ,0.0000194 

«tec o '*  100    **      ♦»   ,.0,0000230 

-^Anihanv  6-  Brackeit.) 


Exploder,  Ele«trie  Mine A  small 

magneto-electric  machine  used  to  produce  the 
cyrrents  of  high  electromotive  force  employed 
in  the  direct  firing  of  blasts. 

Exploder,    Electro^Magrnetlc —A 

small  magfncto-clectric  machine  tised  to  pro- 
duce the  currents  of  high  electromotive  force 
employed  m  the  direct  firing  of  blasts. 

Explorer,  Electric  — -  —An  apparatus 
operated  by  means  of  induced  currents,  and 
employed  for  the  purpose  of  locating  bullets 
or  other  foreign  metallic  substances  in  the 
human  body*  (See  Balance,  Jptduction, 
Ni4gkt's\) 

Explorer,   Magnetic A  small,  fiat 

coil  of  insulated  wire»  used,  in  connection  with 
the  circuit  of  a  telephone,  to  determine  the 
position  and  extent  of  the  magnetic  leakage 
of  a  dynamo-electric  machine  or  other  similar 
apparatus.     (See  i\fcxgnftopkond.) 

ExploHlYC  Dliitaiice. — (See  Disiana,  Ex- 
plosive,) 

Extension  ealI-BelL^(Scc  Bell,  Exim- 
Sim  Call,) 

External  €rnnit-~(Sec  Circuit,  ExUr- 
rtai.) 

External  Secondary  Renl stance.  —  (See 
Resisfiincif,  Externa  I  Secondary  j 

Extra  rnrr^nts.— (See  Currents^  Extra.) 

Extraonilnftry  Keni stance,— (See  Restst* 

a nct\  Extraordina /  y. ) 

Extra-Polar  Rearion.— (See  Region^  Ex- 

irti'Poiar) 

Eye,  Electro-Magnetic — - — A  term  pro- 
posed fur  a  certain  furm  of  spark-micrometer 
employed  by  Hertz  in  his  experiment  on  elec- 
tro-magnetic radiation. 

This  apparatxia  has  received  the  above  name 
liecausc  it  enables  the  observer  to  sec  or  localtxe 
an  electromagnetic  disturbance. 

The  particular  spark. micrometer  that  has  re- 
ceived the  name  of  the  electro-magnetic  eye  had 
the  fiinn  of  a  circle  35  centimetres  in  radius,  and 
was  formed  of  a  copper  wire  2  millimetres  in  di* 
ameter.  Like  all  spark-micrometer  circuits,  it 
had  its  terminals  separated  by  a  small  air-space. 

Eye,  Seleninni An  artificial  eye  «v 


Fac] 

which  a  selenium  resistance  takes  the  place 
of  the  retina  aivi  two  slides  the  place  of  the 
eyelids. 

The  Belenmm  resbUncc  is  placed  in  the  circutt 
of  a  battery  and  a  galvanometer.  When  the 
slides  L,  L,  Fig,  244,  are  shut,  Iht.*  galvanometer 
deflection  is  less  lb  an  when  they  are  open. 

The  opening  of  the  aperture  between  the  slides 
L,  L,  may  be  automat  kail  y  accomplisheLl  by  the 
action  of  the  kght  itself,  by  moving  them  by  an 
ekctro- magnet  placeti  m  the  circuit  of  a  local  bat- 
Icry,  and  a  selenium  resistance  may  h^  so  arraogcd 
that  when  light  falls  on  it  the  slides  L»  L,  arc 
moved  together,  and  when  the  amount  of  such 
ught  is  small  they  are  moved  apart,  by  the  acuon 


of  a  spring.     In  this  way  there  is  obtained  » 
device  loughiy  rescmbhng  the  dilatation  or  con 


traction  of  the  pupil  of  the  eye  from  the  action  at 
light  on  the  iris.     (See  PhotaHieifr^  St!eniHm^\ 


fiii*-!^lmilo  Telf>irrapliy,  or  Piint^lr^- 
raphy* — (See  Teit\i^rap/ty,  Fai-Simtie) 

Ftth re n limit's  Tlipnno meter  S<^ale* — (See 
Scai^t  Tkermomettr^  Fakrenk^its^ 

Fall  of  Pnfentlal— (See  Potential:  Fail 

PaIsm?^   ^a^^netlc  Pole (See   F0U, 

Magtuiic,  Fa  hi\ ) 

Talse  Resistamo,— (See  Resistance, 
False.) 

Fftlsp  Z(»ro.— (See  Zero,  False.) 

Fan  0»arl.— (Sec  Guard,  Fan,) 

FaTud.— The  practical  unit  of  electnc 
capacity. 

Such  a  capacity  of  a  conductor  or  condenser 
that  one  coulomb  of  electricity  is  required  to 
produce  in  the  conductor  or  condenser  a 
difference  of  potential  of  one  vok. 

As  in  gasea,  a  quart  veiscl  will  hold  a  quart  of 
gtts  under  unit  pressure  of  one  atmosphere^  so>  in 
dectridty,  a  conductor  or  ctmdemer^  whose  capa- 
city is  one  larad,  vrill  hold  a  quantity  of  electricity 
equal  to  one  c&nhmb  when  under  an  electromotive 
force  of  one  volt* 

It  may  cause  some  perplexity  to  the  student  to 
understand  why  tlicre  should  be  in  electricity  one 
mnit  of  capacity  to  represent  the  size  of  the  vessel 
or  conaluctor^  and  another  to  represent  the 
mmwU  or  quantity  of  electricity  required  to  fill 


such  vessel.    But,  like  a  gat,  electricity  acts,"! 
effect,  as  if  it  were  very  compressible,  so  that  the 
quantity  required  to  fill  any  condenser  will  dc- 

P'    • 
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pcnd  on  the  electromotive  force  under  which  it  (■ 
put  into  the  conductor  or  condenser. 

For    purposes  of  measurement,  capacities  of  I 
conductors  arc  compared  with  those  of  coodcaters 
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whose  opacities  are  known  In  mia^farad^ 
fractkms    thereof.     The    macrolarad,    or 

of  a  farid,  is  used  because  of  the  1 


1,000.000 

great  size  of  a  farad. 


r»r,j  ^  ris 

Fig  245  thow«  an  devatiotit  Juid  Fig.  246  a 
pba  of  the  form  often  given  to  a  sUndirdiicd 
condesiaer  or  nucrofAnid.  The  condcn^r  b 
cbarg<ed  by  connectiiig  the  terminal*  of  the  elec- 
tnc  sottfce  to  the  binding  posU  N  and  N  it  is 
discharged  by  mcsns  of  the  plug  kc]r  P*.  that 
connects  the  brass  pieces  A  and  B^  when  pushed 
firmly  into  the  corneal  space  between  them. 

The  corvlesser  is  made  bj  placing  sheets  of  tin 
fod  between  sheets  of  oiled  silk  or  nuca  in  the 
box  and  connecting  the  alter natc  sheets  to  one  of 
the  bras  pieces  B.  and  the  other  sot  to  the  bras4 
piece  A,  as  will  be  better  understood  from  aa 
mspectaon  of  Fig.  247. 
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I  Cftrtdc  iseri  are  generaUy  made  of  the  capacity 

I        o4  liic  j^  of  a  mUrtf/ttr,tJ.     Sometimes,  however^ 
I       they  we  male  so  that  either  all  or  part  of  the 

coodcnter  may  be  employedi  by  the  insertion  of 

iht^sSernit  plof  Iceys, 

The  Jbrm  of  condenser  shown  in  Fig.  24S  is 


Fig  » 47    Mfth^itf  C0mint£thm qf «  Qmdenxtr , 
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^^pihte  of  ready  division  into  five  separate  val 
^^i«vu,:  »05t  •05,  .2,  .2  and  .5  microfarad. 

Fumd,  Micro The  mitlionth  part 

^f  ft  farad.     (See  Farad.) 

Fanday  Effi^et— (See  Effect,  Farmday,) 
Piradaj*!  Cube. — (See  Cu^,  Faraday s) 


Famdaj'A    Dark    Space.«-(See      Space, 

Dark,  Faraday  s) 

Faradajr*<i  X<?t— (See  7V>^,  Faraday  i,) 

Faradic    Apparatus,    Mo^notv-Electrlc 

^ (Sec    Apparatus^    Faradu      Mag- 

Ht^ia-EIeclrti,) 

Furadk*   Dnish*^(Sec   Brush,  Far adic) 

Farad  J  e  Carrpnt— (See  Current   Far  a- 

die,) 

Faradic    Excitation.— (See    Ercitatian^ 

Faradic) 

Furadic      Induction      Apparatus.— (See 

Apparatus  Faradti.  IndudiaH,) 

Fariidlc  IrriUbllUr.— (Sec   Irritability, 

Faradic.) 

Farad ie  HacUiue. — (See  Muckine,  Fara- 
dic.) 

Faradization.— In  electro-therapeutics,  the 

effects  produced  on  the  nerves  or  muscles 
by  the  use  cf  a  faradic  current,  in  order  to 
distmg^uish  such  effects  from  galvanization 
or  those  produced  by  a  voltaic  current.  (See 
Galvanization .) 

Faradization,  General A  met  hod 

of  applying  the  faradic  current  similar  to 
that  employed  in  general  galvanization, 
(See  Galvanisation,  General,) 

Faradization,  Local  — A  method  of 

applying  the  Earadtc  current  in  general  simi- 
lar to  that  employed  in  local  galvanuation* 
(See  Galvanisatian^  L^cal.) 

Fault.— Any  failure  in  the  proper  working 
of  a  circuit  due  to  ground  contacts,  cross- 
contacts  or  disconnections,  (See  Contacts, 
Crass,) 

Faults  are  of  three  kinds,  viz. : 

( I.)  Disconnections.     {See  Disctmmtciwm,) 

{24  Earths,     (Sec  EartJk,) 

(3.)  Contacts.    (See  Contarts.) 

Various  methods  are  employed  for  detecting 
and  locahzing  £iults,  for  the  explanation  of 
which  reference  should  be  had  to  standard  dec- 
trical  works  on  testing  or  measurements. 

Fault,  Imnwork,  of  Djraaiiio —A 

ground  or  connection  between  the  current  o( 
a  dynamo  and  any  pan  of  its  ironwork. 
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If  the  dynamo  is  in  good  connection  with  the 
ground^  as  is  frequently  the  casein  marine  plants^ 
this  fault  is  the  same  as  a  ground. 

Faults,  LiK'uHzutlon  of— — ^Determin- 
ing the  position  of  a  fault  on  a  telegraph  line 
or  cable  by  calculations  based  on  the  fall  in 
the  potential  of  the  line  measured  at  different 
points,  or  by  loss  of  charge,  etc. 

For  details^  see  standard  works  on  electricid 
measurements. 

Feed,  Clockwork,  for  Arc  liaiups  —  ^- 

An  arrangement  of  clockwork  for  obtaining 
a  uniform  feed  motion  of  one  or  both  elec- 
trodes of  an  arc  lamp. 

The  clockwork  is  automatically  thrown  into  or 
out  of  action  by  an  electro -magnet*  usually  placed 
in  a  shunt  circuit  around  the  carbons. 

Fecd»  To — To  supply  with  an  electric 

current,  as  by  a  dynamo  or  other  source. 

Feeder.— One  of  the  conducting  wires  or 
channels  through  which  the  current  is  dis- 
tributed to  the  main  conductors. 

Feeder,  standard  or   Main  ^The 

main  feeder  to  which  the  standard  pressure 
indicator  is  connected,  and  whose  pressure 
controls  the  pressure  at  the  ends  of  all  ihe 
other  feeders. 

The  term  pressure  in  the  above  definition  is 
used  in  the  sense  of  electromotive  force  or  differ- 
ence of  potential. 

Fee*ler-Wire8.^(See  Wires,  Feeder) 
Feeders, — In  a  system  of  distribution  by 
constant  potential,  as  in  incandescent  elec- 
tric lighting,  the  conducting  wires  extend- 
ing between  the  bus- wires  or  bars,  and  the 
junction  boxes. 

A  feeder  differs  from  a  main  in  that  a  main 
consists  of  a  conductor  that  may  be  tapped  at  any 
point  to  supply  a  customer,  while  a  feeder  leads 
direct  from  the  dynamo  or  other  source  to  a  main 
and  is  not  tapped  at  any  point* 

Feeders*,    Negative — The    feeders 

that  are  connected  with  the  negative  terminal 
of  the  dynamo.     (See  Feeders.^ 

Feeders^  Po^iithe The  feeders  that 

are  connected  with  the  positive  terminal  of 
the  d>Tiamo.     (Sec  Feeders.} 


Feeding  Deylce  of  Electric  An?  Lamp,- 

(See  Detfice^  Feedings  of   an    Arc   Lamp, 

Feed^  Clockwork f/0r  Arc-La  mp^*) 
Feedlnff-Wire,— (See  Wire,  Feeding.) 
Feet,  Ainpi>re — The  product  of  the 

current  in  amperes   by  the  distance  in  feci 

through  which  that  current  passes. 

It  has  been  suggested  that  ihe  term  amp^- 

feet  should  be  employed  in  expressing  the  strength 

of   electro -magnetism    in    the   field    magnets  of  i 

dynamo-electro    machines   or  other    similar  a{>* 

paratus. 

Ferranti   Effect— (See  Efeci,  Ferranti.) 
Ferro-Maiarnetlc    Sabstance. — (See    5ir^»  i 
staftce^  Ferro^ Magnetic) 
Fibre,  Quartz A  fibre  suitable  for 

suspending  galvanometer  needles,  etc.,  made 
of  quartz. 

The  quartz  fibre  is  obtained  by  fusing  quarti  and 
drawing  out  the  fused  material  aa  a  fine  thready 
in  a  manner  similar  to  the  production  of  glass  i 
fibres.  Quartz  fibres  possess  marked  advantage  I 
over  silk  fibres  in  that  ihey  are  5-4  iiraes  stronger 
for  equal  diameters,  and  especially,  in  that  they 
return  to  the  zero  point,  after  very  considerable 
deflections. 

Quartz  fibres  are    readily    obtained  hy  fusing 
quartz  pebbles    together  in  the  voltaic  arc,  and 
drawing  thetn  apart  with  a  rapid,  but  steady,  1 
form  motion. 

Fibre     Suspension.— (See      Suspemi&n^ 

Fibre.) 

Fibre,  Vulcanized ^A  variety  of  in*l 

sulaling  material  suitable  for   purposes  no 
requiring  the  highest  insulation. 

Vulcanized  fibre  is,  however,  seriously  aSected 
by  long  exposure  to  moisture*  H 

Flbrone.— An  insulating  substance.  V 

Field,  Air That  portion  of  a  mag- 
netic field  in  which  the  tines  of  force   pass  ^ 
through  air  only. 

Field,  AUernattni^ An  clecirosutic:=^ 

or  magnetic  field  the  positive  direction  of  the 
lines  of  force  in  which  is  alternately  iiei'C 
or  changed  in  direction. 

Field,  Alternating  Electrostatic 
An  electrostatic  field,  the  potential  of  whici 
is  rapidly  alternating. 
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ating  electrostatic  field  h^  according 
k'sexperimentSy  produced  in  the  neight>or- 
I  the  terminals  of  the  secondary  of  an  in- 
t  coil,  through  whose  primary »  alternations 
tfi^ueacf  are  passing.  ♦ 

fa,  AltiTiiatliij^  Magnetic. — A  mag- 
field  the  direction  of  whose  lines  of 
I  alternately  reversed. 

P^  Bensltx  of The  number  of 

f  force  that  pass  through  any  field,  per 
f  area  of  cross»section. 

H,  Electric — A  term  sometimes 

^  place  of  an  electrostatic  field.  (See 
\£Uarosfa//c,) 

VL,  Electro-Magnetic The  space 

E;d  by  the  lines  of  magnetic  force  pro- 
by  an    electro-magnet,     (See  Field, 
iic.) 
L  Electrostatic  — —  —The  region  of 
jBlatic  influence  surrounding  a  charged 

trostatic  attractions  or  repulsions  take 
ong  certain  hnrs  called  lines  of  clectro- 
Thesc  lines  of  force  produce  a  field 
gitctroitatic  field.  Electric  In-e!  or 
h/  IS  measured  along  these  linci»,  just  as 
tion  levels  are  measured  with  a  plumb  hne 
be  lin^  of  gravitation  force.     (See  Foten* 

tr/r.) 

I  is  done  when  a  body  is  moved  along  the 
r  electrostatic  force  m  a  direction  from  an 
ely  charged  body,  or  towards  a  similarly 
body,  just  OS  work  \%  done  against 
)  when  a  body  is  moved  along  the  lines  of 
lion  force,  away  from  the  earth's  centre, 
iScally  upwards. 

Id«  Exciter  of in  a  separately 

dynamo-electric  machme,  the  dyna- 

tnc  machme,  voltaic  battery,  or  other 

source  employed  to  produce  the  field 

field  magnets.     (See  Machine,  Dyna- 

riric.) 

d.  Intensity  of ^The  strength 

jld  as  measured  by  the  number  of  lines 
It  that  pass  through  it  per  un»t  of  area 
8s-section.  (See  Fieid,  Electrostatic, 
^Magnetic) 

id.     Magnetic —The    region    of 


magnetic  influence  surrounding  the  poles  of  a 
magnet. 

A  space  or  region  traversed  by  lines  of 
magnetic  force. 

A  place  where  a  magnetic  needle,  if  free 
to  move,  will  take  up  a  definite  position,  under 
the  influence  of  the  lines  of  magnetic  force. 

Unit  strength  of  magnetic  field  is  the  fidd 
which  would  be  produced  by  a  magnetic  pole  of 
unit  strength  at  unit  distance. 

Magnetic  attraction g  and  repulsions  are  assumed 
to  take  place  along  certain  lines  called  lines  &/ 
magftetk  force.  The  directions  of  these  lines  in 
any  plane  of  a  magnetic  field  may  be  shown  by 
sprinkling  iron  filings  over  a  sheet  of  paper  held 
in  a  horiiontal  position  to  a  magnet  pole  inclined 


to  the  paper  m  the  desired  plane  and  then  gently 
tapping  the  paper. 

The  groupings  of  iron  filings  so  obtained  are 
sometimes  called  magnetic ^gttres. 

The  directions  of  the  lines  of  force  thus  shown 
will  appear  from  an  inspection  of  Fig.  249,  taken 
m  a  plane  joining  the  two  poles  of  a  straight  bar 
magnet,  and  Fig.  250,  taken  ma  plane  at  right 
angles  to  the  north  pole  of  a  straight  bar  magnet. 

In  Fig.  24Q»  the  repulsion  of  the  lines  of  force 
at  euher  pole  is  shown  by  the  radiation  of  the 
chams  ot  magnetized  iron  particles.  The  mutual 
attraction  of  unlike  polarities  is  shown  by  the 
curved  lines» 

In  Fi^.  250,  the  repulsion  of  the  similarly  mag- 
netized chams  is  clearly  shown. 

Lines  of  magnetic  force  are  assumed  to  pass 
out  from  the  twrth  pole  and  back  again  into  the 
magnet  at  its  south  pole.    This  assumed  direction 
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19  called  the  directiim  cf  th€  lines  &f  magmtU 

force. 

F«rada7  ^pressed  his  conception  of  lines  of 
magnetic  force  as  follows: 

**  Efery  line  of  force  must  the«fore  be  coiuid- 
ered  as  a  closed  circuit,  passing,  in  ftome  part  of 
its  cotuie,  tbrougli  a  magnet  and  having  an  equal 
amount  of  force  in  every  part  of  its  course.  There 
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txisi  lines  of  force  within  the  magnet  of  the  same 
nature  as  those  trtthout.  What  is  more,  they  are 
exactly  equal  m  am&tm/  to  those  without.  They 
have  a  relation  in  direction  to  those  without  and 
are,  tn  fact,  continuations  of  them.*' 

When  a  conductor^  such  as  a  wire  through 
which  a  powerful  current  of  electridty  is  flowing, 
ts  dipped  in  a  mass  of  iron  filings,  a  chain  of  iron 
&lings  is  formed,  the  north  end  ot  which  is  urged 
around  the  conductor  in  one  direction  and  the 
south  end  in  the  opposite  direction^  so  that  the 
movable  chain  of  EHngs  surrounds  or  grips  the 
conductor  in  concentric  rinu^  or  circles. 

The  densiiy  of  a  magnetic  field  x&  directly  pro- 
portional to  the  number  of  lines  of  force  per  unit 
of  area  of  cross-section^ 

A  single  iine  of  forte ^  or  a  umt  htu  9f  forte^  is 
such  an  intensity  of  Beld  as  exists  tn  ea(.h  s<|uare 
centimetre  of  cross -section  of  a  unit  magnetic 
field. 

A  magnetic  field  is  wnif^m^  or  possesses  ww- 
f&rm  intensity^  when  it  possesses  the  same  num- 
ber of  lines  of  force  per  square  ceniiroetre  of  area 
of  cross-section* 

Field,  Mjurnptic,  Alternating  ^ —The 

ma«tietic  field  produced  by  means  of  an 
alternating  cuirent. 


Fi^ld,  Ma^n^tff ,  DteTWttetricnl 


A  field  whose  lines  of  force  are  not  5)iiimal 
rically  distributed  in  adjacent  halves. 

Field,  Mu«rnetic,  Expanding  of 


An  increase  in  the  length  of  the  lines  of  ma|p 
nctic  force  in  any  field*  or  an  increase  in  tlu 
length  of  their  magnetic  circuit. 

Field,  Ma^uetic,  of  an  Electric  CnrrenJ 
The  magnetic  field  surrounding  a  cii 


^,  9Sr.    Fuld4fCn9^tmi, 
cuit  through  which  an  electric  current  b  flow- 
ing. 

An  electric  current  produces  a  magtieltc  ftcld. 
This  was  discovered  by  Oersted 
in  1819,  and  may  he  shown  by 
sprinkling  iron  filings  on  a  sheet 
of  paper,  placed  on  the  wire 
conductor  conveying  the  cur- 
rent,  at  nght  angles  to  d»e  direc- 
tion in  which  the  current  is  pas»- 
iii^.  Here  the  lines  of  torcc 
ap^tear  as  concentric  circles,  ex- 
tending around  tl>c  conductor, 
as  shown  in  Fig.  251.  Their 
duection,  as  regards  the  length 
of  the  conductor^  ts  shown  in 
Fig.  252,  The  electric  current 
sets  up  these  magneiie  whirls 
around  the  conductor  on  its 
passage  through  it. 

The  dirrcti&n  of  tht  lines  cf  ^_^ 

magnetic  fifrce  produced   by  an      a^  ^  Umt^ 
elccirvc  current,  and  hence  its      fw^. 
magnetic  polarity^  depends  on  the  diroctioo  m 
which  the  electric  current  flows.     This  directioTi 
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aj  he  remembered  as  follows;  If  the  current 
I'lws  ttyvrards  the  observer,  the  directions  of  the 
net  of  magnetic  force  is  opposite  to  that  of  the 
ands  of  a  wmlch,  aa  shown  in  Fig.  253. 


It  ts  from  the  direction  of  the  ttnes  ol  magnetic 
?  that  the  polanty  of  a  hehx  carrying  a  cur 
lit  u  deduced.    {Set  Selrmaidt  Mspuiic.    Mag 

h  nagaelic  6eld  poiacatei  the  foltowmg  prop* 

(t.)  AU  magnetizable  bodies  are  magnetised 
\  brought  into  a  ma^etic  6eld.     (See  I$idu( 

(2.1  Conductors   moved   through  a    magnetic 

llekf  !9n  a^  to  cut  Its  Imes  of  force  have  differences 

llif  potential  generated  in  them  at  diflerent  points, 

t  if  these  points  he  connected  by  a  conductor, 

I  electric  current  is  produced.     (See  Induetiem^ 

Electro 'Afagnr  it  c, ) 

Flf  Id*  Magnetic,  Pulsatory —A  field, 

the  strength  oC  wh\ch  pulsates  in  such  manner 
4s  to  pruduce  oscillatory  currents  by  induc- 

KIHd,  Masrnctic,  KeTersttiir That 

portion  of  the  field  of  a  dynamo-electric  ma- 
prod  need  by  the  field-magnet  coils,  in 
I  the  currents  flowing  in  the  armature 
\  are  stopped  or  reversed  after  the  coil  has 
1  its  theoretical  position  of  neutrality. 
S|ptrkTe59  commutation  is  obuinrd  by  phciog 
tlie  tnTsahoaon  the  commutator  so  as  to  corre- 
spoml  wiOi  the  reversing  field. 

field,  Mafrn^tJc^  Shlftlncr A  term 

pioposed  by  Professor  EHhu  Thomson  to  ex- 
press a  field  of  rtiagrietic  lines  of  changing 
pOiilton  wuh  respect  to  the  axis  of  the  pole 
tan  M^hicli  they  emanate. 

A  shifting  magnetic  field  is  especially  a  phe- 
BBBMtiof  a  ivpidly  alternating  magnetic  field 


ocdsrrmg  in  a  tubstance  Uke  hardened  tted  m 

which  the  cocravc  force  1^  lairly  nigh*  It,  for 
example,  a  smgte  maignet  pole  of  an  electro- 
magnet, whose  coils  are  traversed  l>f  a  rapidly 

alternating  current  ol  elcctnctty ,  ta  placed  near  one 
end  of  a  steel  file,  thechangmg  polarity  developed 
thereby  moves  or  slufis  Irom  the  point  directly 
over  the  pole  towards  the  distant  end.  The 
presence  of  this  shifting  field  can  be  shown  by  the 
rotation  of  discs  of  copper  suitably  inclmed  to  ihe 
end  of  the  file.  In  a  similar  manner  a  prismatic 
mass  of  steel,  placed  with  one  of  Us  flat  sidei 
on  the  jKJle  of  a  rapidly  altematvng  magnetic 
fie!d»  wiH  have  a  magnetic  field  developed  in  i%, 
which  wttl  tnove  or  shift  Irora  the  Bat  bi*e 
towards  the  upper  edge.  Moviblc  masses  of  good 
conducting  metal^  such  as  copper,  wiU  be  set  in 
rotation  in  a  direction  such  as  would  be  caused 
by  an  escape  of  gas  therefrom. 

The  shifting  magnetic  ficM  travels  from  the 
upper  portions  of  the  pnsm  just  as  a  stream  of 
escaping  gaseous  sul^tance  would. 

Field,  MjiiriietEe.  Hpmiilng4lat A 

term  sometimes  used  to  represent  an  expand* 
ing  magnetic  field.     (See  FiMt  Magneitc, 

Expanding  of^) 

Field,  MurnMle,  Stray That  por- 
tion of  the  fifkl  of  a  dynrimo-elcetric  machine 
which  IS  not  utilized  for  the  development  of 
differences  of  potential  in  the  armature,  be- 
cause its  lines  of  force  do  not  pass  through 
the  armature. 

Field,  Mairtietle,  StreAgth  of -The 

dynamic  force  acting  on  a  free  magnetic  pole^ 
placed  in  a  magnetic  field. 

If  a  free  magnetic  pole  could  be  placed  in  a 
magnetic  field,  it  would  begin  to  move  towards 
the  opposite  pole  of  the  field,  under  its  miagnetic 
attraction,  just  as  an  lutsupported  body,  free  to  ' 
move,  would  begin  to  fall  towards  the  earth. 
The  strength  of  a  magnetic  field  corresponds  to 
the  acceleration  of  the  force  of  gravity  in  the 
case  of  a  falling  body.  The  strength  of  the  mag* 
netic  pole  corresponds  to  the  mass  of  the  Ultlng 
T)ody.  The  force  impressed  in  the  cisc  of  the 
magnetic  field  ts  equal  to  the  strength  of  the  poic 
multiphed  by  the  strength  of  the  hckl. 

Field,  Mafiw^tfe,  gfmiietrieal A 

field  whose  lines  of  force  are  symmetricallf 
distributed  tn  ddjacent  halves. 
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Field,  Magnetic,  Uniform A  field 

traversed  by  ihe  same  number  of  lines  of 
magnetic  force  in  all  unit  portions  of  area  of 
cross-section,     (Sec  Fields  Magnetic.) 

Field,    MiigneUc,  Waste A  term 

sometimes  employed  for  stray  field.  (See 
Fiild,  Magnetic,  Stray) 

Field,  KotatlngCiirreut  - — -—A  mag- 
netic field  produced  by  means  of  a  rotating 
current.     (Sec  Current,  Rotating) 

Field,  Uniform  Dendty  of A  uni- 
form density  in  all  equal  areas  of  cross- 
section  of  field. 

—The  field   of 


Field,  Tortex-EIn^  - 

inflyence  possessed  by  a  vortex-ring. 

Professor  Dolbear  points  out  the  fact  that  the 
direction  of  the  rotation  of  a  fluid  constituting  a 
vortex -ring  resembles  tJie  magnet  flux  in  a  mag- 
netic field,  and  shows,  from  the  action  of  such  rings 
on  one  another,  that  they  possess  a  true  field,  or 
atmosphere  of  influence  outside  their  actual 
bodies.  He  infers  that  such  nng:5  possess  true 
polarity,  since  the  motions  producing  them  have 
different  directions  on  opposite  sides  or  ends. 

Fl^nre  of  Merit  of  Oalvannmeter, — (See 
Gahmnomcier,  Figure  of  Merit  of.) 

Fi^nres,   Breath  -^ Faint  figures   of 

condensed  vapor  produced  by  electrifying  a 
coin,  placing  it  momentarily  on  the  surface  of 
a  sheet  of  clean,  dry  glass,  and  then  breath- 
ing gently  on  the  spot  where  the  coin  was 
placed. 

The  moisture  collects  on  the  electrified  portions 
of  the  plate  and  torms  a  lairly  distinct  image  ot 
the  com. 

Fl^tireB,  Electric Figures  of  various 

shapes  produced  on  electrified  surfaces  by  the 
arrangement  of  dust  particles  or  vapor 
vesicles  under  the  influence  of  electric  charges. 

Electric  figures  are  of  two  varieties,  vii,: 

(1.)  Dust  figures. 

(2.)  Breath  figures. 

Fl^aresy    Lielitenl>erg'»     Dnst 

Figures  produced  by  writing  on  a  sheet  of  sheU 
lac  with  the  knob  of  a  charged  Leyden  jar  and 
then  sprinkling  over  the  sheet  dried  and 
powdered  sulphur  and  red  lead,  which  have 


been  previously  mixed  together,  and  are  so 
rendered,  respectively  negative  and  positive 

The  red  lead  collects  on  the  negative  parts  ot 
the  shellac  surface,  and  the  sulphur  on  the  posi- 
tive partSi  in  curious  figures,  known  as  Lichtm* 
berg's  Dust  Figures,  one  of  which  is  shown  in 
Fig.  254. 


These  figtircs  show  very  clearly  that  an  electric 
charge  tends  to  creep  irregularly  over  the  surCice 
of  an  insulating  substance. 

A  name  some- 


Fig-ures,  Magnetic  — 

times  applied  to  the  groupings  of  iron  filings 
on  a  sheet  of  paper  so  held  in  a  magnetic  field 
as  to  be  grouped  or  arranged  under  the  in- 
fluence of  the  lines  of  force  of  the  same.  (See 
Fields  Magnetic) 

Filament— A  slender  thread  or  fibre. 
The  term  is  applied  generally  to  threads  or 
fibres  varying  considerably  m  diameter. 

Filament,  Cnrrent ^A  term  some- 
times emplciyed  in  place  of  current  streamlet. 
(See  Streamtets  Current) 

Filament,  Magnetic A   polarized 

line  or  chain  of  ullimLite  magnetic  particles. 

This  IS  sometimes  called  a  umform  magruH^^ 
JitanuHt, 

A  tNLT -magnet  possesses  but  two  tree  poles. 
When  broken  at  its  neutral  point  or  equator,  the 
bar  wili  develop  free  poles  at  tlie  broken  ends. 
This  IS  explained  by  considering  the  magnet  to 
be  composed  of  a  number  of  separate  particles, 
separately  magnetized^  A  single  chain  or  fila- 
raent  of  such  particles  is  called  a  magnetic 
filament.  (Sec  Magnet^  Neutrol  Point  of,  Mag^ 
netism,  Hughe i'  Theory  ef»  Magnetism^ 
Ewing'x  Theory  ef) 

FUjunent  of  Incandeseent  Electrle  Lmp^ 
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^(S«e  Xjomp,  IncandtsctHi  Electric ^  Fila- 
mmt  of) 

FiUment,  Uairorm    Magnetic —A 

term  sometimes  applied  to  a  magnetic  hla.- 
menu     (See  Filament,  Magmtk.) 

FlUments,  Flashed Filaments  for 

aD  mcandcsceni  lamp,  that  have  been  sub- 
jected to  the  flashing  prcxress.  (See  Carbons, 
Flush  tf^  Process  for,) 

FUanientoQB  Inuature  Core, — (See  Core, 
irmature,  Filanunious.) 

Film  Cat-Oiit— (See  Cui-Out,  Ft'lm) 

Finder,  Indiietlon A  term  some- 
times employed  for  a  magnetic  explorer. 

Finder,  Position,  Electric A  de- 

nce  by  means  of  which  the  exact  position  of 
an  object  can  be  obtained, 

Bf  means  of  a  position -finder  a  gunner  can 
be  telephoned  or  otherwise  ordered  to  fire  at  ob- 
jects he  cannot  see,  and  yet  obtain  a  ^r  degree 
of  accuracy. 

Fljider,  Range*  Electric A  de- 
vice by  means  of  which  the  exact  distance  of 
an  enemy's  ship  or  other  target  can  be  readily 
determined. 

The  operation  of  an  electric  rangc-findcT  is  based 

on  a  method  somewhat  similar  to  the  so1?mg  of  i 

Lnanglc  for  the  purpose  of  determining  distances. 

Uthe  base  line  of  a  triangle  and  the  two  angles 

tt  the  base  arc  known,  the  other  two  tides  and 

the  included  angle  can  be  determined. 

^H      In  the  range-finder,  the  resistance  of  a  German 

■  *'   tilver  wire  corresponds  to  the  graduated  arc  ol 

the  theodolite  used  to  measure  the  angles,  and  a 

riieostat,  as  a  recetving  instrument,  measures  the 

lalneB  of  the  angles.     The  baseline  is  a  constant, 

to  that   the  receiving   instrument  is  marked  in 

yards  instead  of  angles.     To  use  the  range-finder, 

^^^^B^bservers  watch  the  target  object  contlnu- 

^Hpy  through  a  telescope.    They  do  this  and 

^^pio^iDg  else,  while  a  third  observer  watches  a 

^K  galvanometer  and  so  alters  a  resistance^  by  moving 

a  contact  or  slide  key  along  a  resistance  wire,  as 

^^JO  keep  the  needle  of  the  galvanometer  constantly 

^^■1  lero.     The  exact  distance  being  thus  ascer- 

^^^Unedf  the  gunner  can  make  the  proper  allowance 

iziEnng. 

Finder,  Wins Any  form  of  galva- 

Iter  used  to  locate  or  find  the  corre- 


sponding ends  of  different  wires  in  a  bimched 
cable* 

The  different  wires  in  a  cable  are  usually  tagged 
and  numbered  at  the  end  of  the  cable  and  at  the 
joints.  The  telephone  has  been  successfully  em- 
ployed as  a  wire  finder. 

¥It^  Alarm  Antmneiator.'-(See  Annun- 

ciator^  Fire  Alarm.) 

Fire     Alarm*      Automatic (Sec 

Alarm,  Firv   Automatic.) 

Fire  Alarm  Contact— (Sec  Contact,  Fire 

Alarm.) 

Fire  Alarm  Signal  Box.— (See  Box,  Fire 
Alarm  Signal) 

Fire  Alarm  Telegraph  Box.— (Sec  Box, 
Fire  Alarm  Telegraph, ) 

Fire  Ball— (See  Ball,  Fire) 

Fire  Cleansing. ^(See  Cleansing,  Fir^,) 

Fire   Extinguisher,    Electric A 

thermostat  or  mercurj''  contact,  which  auto- 
matically completes  a  circuit  and  turns  on  a 
water  supply  for  extinguishing  a  fire,  on  a 
certain  predetermined  increase  of  tempera^ 
lure. 

Fire,  Hot,  St  Elmo's A  term  pro- 
posed by  Tesla  for  a  form  of  powerful  brush 
discharge  between  the  secondary  terminals  of 
a  high  frequency  induction  coil  (See  Dis- 
charge, Brush-and' spray,) 

This  form  of  St.  Elmo's  fire  differs  from  the 
ordinary  form  in  being  hot.  lis  general  appear- 
ance IS  shown  in   Fig.   255,  liken   from  Tcsla. 


^'^  ^SJ     ^'  Elma't  H9(  Firt, 
Describing  its  production  he  says  x  ^'  In  many  of 
th^e    experiments,   when  powerful  effects    are 
wanted  for  a  short  timCi  it  is  advantageous  to  use 


Fir,] 


23ii 


[Vh. 


Iron  cores  with  tlie  primaries.  In  audi  ease  a 
very  large  primary  coil  may  be  wound  and  placed 
side  by  side  with  tbe  secondary,  and,  ihc  nearest 
terminal  of  the  latter  being  connecttd  lo  the 
primary,  a  laminated  iron  core  is  introduced 
through,  the  primary  into  the  secondary  as  far  as 
the  streams  will  permit.  Under  these  conditions 
an  excessively  powerful  brush,  several  inches 
long,  which  may  Ije  appropriately  ciHed  *  St, 
Elmo's  hot  fixe/  may  be  caused  to  appear  at  the 
other  terminal  of  tbe  secondary,  producing  strik- 
ing effects.  It  is  a  most  powerful  otonizer  ;  so 
powerful  indeed,  that  only  a  few  minutes  are  suf- 
ficient to  fill  the  whole  room  with  the  smell  of 
ozone,  and  it  undoubtedly  possesses  the  quality  of 
exciting  chemical  affinities.'^ 

Fire,  81  Elmo^a ^Tongxics  of  faintly 

luminous  fire  which  sometimes  appear  on  the 
pointed  ends  of  bodies  in  connection  with  the 
earth,  such  as  the  tops  of  church  steeples  or 
the  masts  of  ships. 

The  appearance  of  the  St,  Elmo's  fire  is  due  to 
brush  discharges  ol  electricity. 

Fishes,  Electric A  term  applied  to 

various  fishes,  such  as  the  eel  and  the  ray, 
which  possess  the  ability  of  protecting  them- 
selves by  giving  electric  shocks  to  objects 
totiching  them.     (See  E^l,  EJectric) 

FLshlng^  Box.— (See  Box,  Fishing,) 

Fitting  or  Fixtur*^,  EltM?lrlc  Light 

—  The  sockets,  holders*  arms,  etc.  required 
for  holding  or  supporting  incandescent  electric 
lamps. 

Fixed  S«eondarj.  —  (Sec  Secmdary, 
Fixtd.) 

Fixtiiresu  Telegraphic  —  —A  term  gen- 
erally limited  to  the  variously  shaped  supports 
provided  for  the  attachment  of  telegraphic 
wires. 

Flxturps  Telegraph Sc  Hou»e-Top 

Telegraphic  fixtures  placed  on  the  roofs  of 
buildings  for  the  support  of  the  lines, 

Flamia{^    Dischargee.  —  (See   Discharge, 

Flaming,) 

Flash,  Side A  sparking  or  lateral 

discharge  taking  place  from  the  sides  of  a 
conductor,  when  an  impulsive  rush  of  elec- 
tricity passes  through  it. 


Tlie  phenomenon  of  sfae  flashing  »  doe  Id  x 
lateral  discharge  which  takes  the  alternative  patlir 
instead  of  a  path  of  much  smalls*  ohmic  resist- 
ance. The  tendency  to  side  flash  results  from 
the  fact  that  the  meuUlic  circuit  possesses  indua- 
ance.  (See  Paih,  AUfmativt,  Discharge^  Lai* 
eraL     Indnftance, ) 

Flashed  Carlmita,  —  (See  Carhom, 
Fias/ud,) 

Flashed     FiIatiieiitiiL^(See    Filan 

Flashed.^ 

Flashes,  .4aroral  - —  —Sudden variations 
in  the  intensity  of  the  auroral  li^ht. 

Intermittent  flashes  of  auroral  lig^ht  that 
occur  during  the  prevalence  of  an  aurora. 
(See  Aurora  Borealis^ 

Flashing  of  Carboag,  ProceM  for  the 

^(See  Carbons,  Flashing  Process /^r*) 

Flashing  of  Dynamo-Eleetrle  Haeliliie,— 

(See  Machine,  Dynamo-Eltetric^  Flashuig 
of.) 
Flat  Cahle.— (Sec  Cable,  FlmL) 

Flat  Duplex  Cihle,— (Sec  Ci^U^  Ftai 
Duplex  ) 

Flat  Rlnf  Armature. — (See  Armaiur^, 
Flat  Ring,) 

Flafs,— A  name  sometimes  applied  to  those 
parts  of  commutator  segments  the  surface  of 
which,  throuj:rh  wear,  has  become  lo\%ierthao 
the  other  portions,     (See  Commuiatifr,) 

Flemiil|:*&    Gauas^ — (See    Gauss,     FUm- 
ings,) 
FIem1tif*9  standard  Toltafe  CeU.~(See 

Cell,  Volfaii-,  Standard,  Fleming*s,) 
Flexible  Electric  Li^ht  Pendant— (See 

Pendant,  FUxibU  EUciric  LiglU^j 
Flexible  Lead,=-(See  Lmd,  Fl^Jgrbie,) 
Floating  Battery,   D©   la  Rl  ?©*»,— (Sec 

Battery  Floating,  De  la  Rivis,) 

Flow*— In     hydraulics,    the    quantity    of 

water  or  other  fluid  which  escapes  from  an 

orifice  in  a  containing  vessel,  or  through  a 

pipe,  in  a  given  time. 
Floir^Llnes  of   E^i'apin^    Fluid,  — Lines 

within  the  mass  of  a  Buid  m  motion,  drawn  at 
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pc3iints,  so  that  the  flow  at  any 
s  tangential  at   such   points  lu  t]>e 
Eith. 
Magnetic —The    magnetic 

Kif  Current,  Afiioitiiod  Direction  of 
[Sec   Citrr^Hit   AssHmni  DtrtitioH 


I 

dOJh 

r 


nergy,— (See  Energy,  Flo^Vi^/?^ 
oes  of  Eleetrostatic  Fore*.— 


of  Miu^netic  Jii4iMstloii.^(See  In- 
Magfuiic,  Flux  €r  Fimtf  of.) 

,  I>e|iolariziiifir An  clectro- 

d  in  a  voltaic  cell  that  prevents  polari- 
(Sec  Cdi,  Voiimc.  Polarisation  4tf,) 
Iiralmtor.— (See  insuiaior  Fluid.) 

■WW,  —  To  become  self-luminous 
;po$ccl  to  light. 

|r  U  said  to  fjuorcsce  when  ft  sbiiies,  by 
the  light  it  produce*.  In  thi!i  fcsped  it 
Mil  m  itlu mined  body,  wliich  shines  by 
%lit. 

We^ttee. — A.  property  possessed  by 
loHd  or  liquid  substances  of  becoming 
inous  while  exposed  to  light. 
MPcsccncc  the  rcfrangibility  of  ray«  of 
hinged.  The  invisible  rays  bcyoDd  the 
be  ultra  violett  become  vkiiblCf  so  that 
is  tranftfomied,  the  particles  absorbing 
leng:th  and  emitting  another.  (See  Intan' 

\ 

r  tliM»  or  glais  colored  yellow  by  oidde 
tm,  or  a  solutkm  of  sulphate  of  qutDine^ 
I  fluorescent  properties.  The  path  of  a 
light  brought  to  a  foctts  in  either  of  these 
?s,  or  a  beam  or  cone  of  light  passed 
them«  is  rendered  visible  by  the  particles 
this  path  becoming  self  luminous.  The 
beam  of  light  entering  ihe  dusty  lir  ot 
ed  chamber  is  visible  from  the  light  being 
3r  scattered  in  all  directions  by  the  float- 
particles. 

larescenl  substance,  the  path  of  the  light 
ndered  visible  by  the  particles  which  he 
ilh«  throwing  out  light  in  all  directions. 
1^  however,   this  difierence,  that  in   the 


case  of  the  dust  particles  the  Tgbt  whicb  cxMne* 
directly  from  the  beam  is  reflectied  ;  while  in  the 
caiic  of  the  fluorescent  body  the  light  comes  frt>in 
the  partidcs  themselves*  which  are  set  into  vibra 
tion  by  the  light  that  ia  passing  througb,  and  has 
been  absorbed  by  their  mass. 

Fluorescence  is,  thercibre,  a  variety  of  phos- 
phorescence.    (See  FhMphoresieHCf.) 

Fltiorpsecnt— Possessing  the  capability  of 
fluorescing. 

Fluorescing.— Exhibiting  the  property  of 
fluorescence. 

Floah  Box.— (See  Box,  Flusk.) 

FIiiTlofmpli,— An  apparatus  for  electri- 
cally  registering  the  varying  height  of  vrater 
in  a  tidal  stream  or  in  the  ocean ;  or.  in  general, 
diflferences  of  water  levels. 

Flux,  3fajsrn^tie The  mnnber  of 

lines  of   magnetic  force  thai,   pass  or  flow 
through  a  nrngnetic  circuit. 

The  tot-al  numbt-rof  lines  of  magnetic  force 
in  any  magnetic  6eld. 

The  magnetic  £ux  is  also  called  the  magnetic 
flow. 

A  Committee  of  the  American  Institute  oi 
Electrical  Engineers  on  "Units  and  Standards  " 
proposed  the  following  as  the  defiuitioo  of  mag- 
netic flux. 

•*  The  magnetic  flux  through  a  sur^ce bounded 
by  a  closed  curve  is  tlie  surface  integral  of  may 
netic  indtictioii  taken  over  the  bouudrd  switce, 
and  when  produced  by  a  currejit  is  also  equal  tr> 
the  line  integral  of  the  vector  poteottai of  the  cur- 
rent taken  lound  the  boundary." 

**  The  uniform  and  unit  time  rate  of  change  in 
flux  through  a  closed  electric  circuit  estabHsfaes 
unit  electromotive  force  in  tlic  circuit.^* 

Fluxes  range  in  present  practical  work  from 
100  to  100,000,000  C.  G.  S»  lines,  and  the  1*  orkin** 
iiTiits  would  perhaps  prefix  milU*  and  micro-. 

FliiK  of  Mjii^Qetic  Iiidufti(Hi.^(See  In- 

duct  ion.  Magnetic,  Flux  or  Flow  0/J} 

Flax  <w  Plow  of  Mfi^Ptlsiii.^(See  Hag* 
neiism.  Flux  or  Flaw  a/,) 

Fly.  Elwtrle  — A  wheel  or  other  de- 
vice dnvcn  ijy  the  reaction  of  a  convedive 
discharge.  (Sec  Ffyer,  EUctric.  Cotrv^c- 
dm,  Eiiciric,) 


-A  wheel  arranged 


Fly.] 

Flyer,  Eleetric 

so  as  to  be  set  into  rotation  by  the  escape  of 
convection  streams  from  its  points  when 
connected  with  a  charged  conductor. 

A  wheel  formed  of 
light  radial  arms  P,  P,  F, 
etc.,  shaped  as  shown  in 
Fig,  256,  and  capable  of 
rotation  on  the  vertical 
axis  A,  is  set  into  rapid 
rotation  when  connected 
with  the  prime  conduc* 
tor  of  a  frictional  or  in- 
fluence machine,  through 
the  convection  streams  of 
»ir  particles,  which  arc  Fig.  2j6,  Eleciric  Flytr^ 
shot  off  from  the  points  or  extremities  of  the 
radial  arms.  The  wheel  is  driven  by  the  reac- 
tion  of  these  streams  in  a  direction  opposite  to 
that  of  their  escape.    (See  Discharge,  C<?m>ective. ) 

Focus, — A  point  in  front  or  back  of  a  lens 
or  mirror,  where  ail  the  rays  of  light  meet  or 
seem  to  meet.     (See  L^ns,  Achramatic.) 

Fo^,  Electric  —  —A  dense  fog  which 
occurs  on  rare  occasions  when  there  is  an 
unusual  quantity  of  free  electricity  in  the 
atmosphere. 

During  these  electric  fo^s  the  free  electricity  of 
the  atmosphere  changes  ita  polarity  at  frequent 
intervals, 

FollowlEg  Horn  of  Pole  Pieces  of 
Dyaamo-Electrit;  Ma^-iifn**.— (See  Horns, 
FoHowing^  of  Pole  Pieces  of  a  Dynamo- 
Electric  Machine,) 

Foot-Caadle.— (See  Candle,  FooL) 

Foot-Ponnd,— A  unit  of  work.  (Sec 
Work:) 

The  amount  of  work  required  to  raise  i 
pound  vertically  through  a  distance  of  \  foot. 

The  same  amount  of  work,  vii.,  3  foot-poundSi 
is  done  by  raising  i  pound  through  a  vertical 
distance  of  3  feet,  or  3  powids  through  a  verti- 
cal distance  of  I  foot. 

Apart  from  air  friction,  the  amount  of  work 
done  in  raising  1  pound  through  I  foot,  vix,,  I 
foot-pound,  is  the  same  whether  this  work  be 
done  in  one  second  or  in  one  day.  The  power ^ 
or  the  rate  9/  daing  work,  i¥,  however,  very  dif- 
ferent in  the  two  cases,     (See  Paiaer,) 

Force. — Any  cause  which  changes  or  tends 
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to  change  the  condition  of  rest  or  motion  of 
a  body. 

Force,  Centrirugjil The  force  that 

is  supposed  to  urge  a  rotating  body  directly 
away  from  the  cenire  of  rotation. 

If  a  stone  be  tied  to  a  string  and  whirled  around, 
and  the  string  break,  the  stone  will  not  fly  off  di- 
rectly away  from  the  centre,  but  will  move  along 
the  tangent  to  the  point  where  it  was  when  tbc   _ 
string  broke.  ■ 

The  centrifugal  force  in   reality  is   the  force    " 
which  is  represented  by  the  tension  to  which  the 
string  is  subjected  during  this  rotation. 

Force,  Coercltlre -A  name  some- 
times applied  to  coercive  force,  (See  Force, 
Coercive,) 

Fon^e,  CoerclTc —The  power  of  /e- 

sisting  magnetixation  or  demagQettzation, 

Coercive  force,  in  the  sense  of  resisting  demag- 
netization, is  sometimes  called  miigftetic  reten- 
tivity. 

Hardened  steel  possesses  great  coercive  force; 
that  is,  it  is  magnetized  or  demagnetiaed  with 
difficulty. 

Soft  iron  possesses  very  feeble  coercive  force. 

It  is  on  account  of  the  feeble  coerdvc  force  ol 
the  soft  iron  :ore  of  an  electro- magnet  that  its 
main  value  depends,  since  it  is  thereby  enabled  to 
rapidly  acquire  its  magnetization*  on  the  comple* 
tion  of  a  circuit  through  its  coils,  and  to  rapidly 
lose  its  magnetization  on  the^  opening  of  such 
circuit. 

Force,  Contact A  difference  of  elec- 
trostatic potential,  produced  by  the  contact  of 
dissimilar  metals. 

That  a  difference  of  potential  is  produced  by 
the  mere  contact  of  dissimilar  metals  is  now  gen- 
crally  recognizei^.  Such  a  force  is  generally 
called  the  true  contact  force.  (Sec  ^*rw,  Trm 
Contact. ) 

According  to  Lodge,  a  true  contact  force  has 
no  existence.  There  is  no  evidence,  he  thinks, 
of  a  peculiar  electromotive  force  at  the  point  of 
contact,  but  that  the  phenomena  arc  due  siioply 
to  the  fact  that  the  metals  arc  immerscti  in  air  or 
oxygen,  which  is  capable  of  combining  with  one 
of  them,  and  that,  therefore,  the  cause  of  the 
phenomena  is  the  greater  action,  for  instiJicc,  of 
the  oxygen  of  the  air  on  the  tine  than  on  thr 
copper. 
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ttiis  view,  the  foltajc  effect  is 
be  difference  of  potential  between 
I  copper,  but  to  the  difference  of  the 
le  air  or  moisttire. 


\ 


dieTAl  ar  CIiptaI   Yapewr, — 

term  for  horsc*powcr. 

Ic  cheval  is  equal  to  75  kilogramme- 
r  iccond,   or  32,549  foot-pounds  per 

^h  horse  power  is  equal  to  35,000 
i  per  minute.  I  force  de  cheval  equals 
le-powcr;  1  horse- power  equals  1.0 1385 
fcl.-</fer.«if.) 

Bectrte The  force  developed 


f. 


geneniUj  limited  to  the  force  of 
repulsion  produced  by  an  electro. 


Ele^troiuotiTe  — The   force 

Icctricity  in  motion,  or  tending  to 
ricity  in  motion, 

(which  moves  or  tends  to  move 
an  unfortunate  one«  StnctI  y  speak  - 
omotive  force  is  not  a  force  at  all : 
is  not  a  force  in  the  Newtonian  sense, 
e  is  only  that  which  acts  on  matter, 
d  electromotive  force  is  generally  writ- 
E.M.  F. 

:  ol  electromotive  force  is  the  volt. 
dectric  induction  takes  place,  there 
ange  in  the  distribution  of  the  thing 
ridty,  whereby  a  movement  occurs  that 
i  positive  and  a  negative  charge «  The 
h,  produces  this  movement  is  called  the 
hre  force. 

an  unfortunate  want  of  uniformity  at 
the  use  of  the  term  ♦'  electromotive 
ly  some,  the  electromotive  force  is  re- 
lomething  which  causes  the  difference 
I J  by  others  the  electromotive  force  is 
ti  being  produced  by  the  difference  of 
Kid,  by  still  others,  electromotive  force 
■M  the  entire  electric  moving  cause 
P«ny  source;  while  anything  less  than 
id  by  them  potential  difference. 
^lio  regard  the  electromotive  force  as 
rKich  produces  the  potential  difference 
;tromotive  force  as  actin^^  within 


the  source  and  maintaining  a  potential  difference 
at  its  terminals. 

Silvan  us  P.  Thompson  uses  the  term  electro- 
motive force  in  his  **  Elementary  Lessons  in 
Electricity  and  Magnetism*'  as  follows:  "The 
term  *  electromotive  force  '  is  employed  to  denote 
that  which  moves  or  tends  to  move  electricity 
from  one  place  to  another.  For  brevity  we  some- 
times  write  it  E.  M.  F.  in  this  particular  case  it 
is  obviously  the  result  of  difference  of  potential 
and  proportional  to  it  ;  just  as  in  water  pipes,  a 
difference  in  level  produces  a  pressure*  and  the 
pressure  produces  a  flow  as  soon  as  the  tap  is 
turned  on,  so  difference  of  potential  produces 
electromotive  force,  and  electromotive  iorce  seta 
up  a  current  as  soon  as  a  circuit  is  completed  for 
the  electricity  to  flow  through.** 

Mascart  and  Joubert,  in  their  work  on  **EkC' 
tridty  and  Magnetism,'*  Vol.  L,  say:  **ln  all 
cases  the  difference  of  potential  Vj— V,,  may  be 
considered  as  producing  the  motion  of  electrical 
masses ;  it  isoften  called  the  electromotive  force." 

Maxwell,  in  his  **  Elementary  Treatise  on  Elec- 
tricity/* speiking  of  the  potential  differences 
which  may  be  shown  to  exist  at  the  terminals  of 
a  Daniell  voltaic  cell  when  on  open  circuit,  says  : 
*^This  difference  of  potential  is  called  the  electro* 
motive  force  of  a  Daniell  cell." 

Balfour  Stewart,  in  his  **  Electricity  and  Mag- 
netism, ' '  says :  **  This  difference  of  electric  level 
we  shall  call  E,  and,  indeed,  it  is  merely  a  manner 
of  ejipressing  the  cause  of  electromotive  force.*' 

Prof.  Fleming,  in  his  **  Short  Lectures  to  Elec- 
trical  Artisans,"  says:  '*Thc  difference  of  dec- 
trical  level  or  potential  must  be  caused  by  soma 
electromotive  force  acting  in  the  conductor.'* 

Prof.  Anthony,  in  **A  Review  of  Modem 
Electrical  Theories,*'  regards  the  potential  dif- 
ference as  due  to  electromotive  force.  He  says ; 
**  Difference  of  potential  results  from  a  changed 
electrical  distnbution,  an  electrical  strain,  and 
represents  the  tendency  to  return  to  the  state  of 
equilibrium.  Electromotive  force  is  the  some- 
thing from  without  that  produced  the  electric 
strain,** 

Hering,  in  his  *•  Principles  of  Dynamo -Electric 
Machines/'  says  :  "  Difference  of  potential  is,  as 
the  name  implies,  the  difference  of  electrical  po- 
tential between  any  two  points  of  a  circuit,  and 
may,  therefore,  be  applied  to  that  at  the  poles  of 
a  machine,  battery  or  lamp,  or  at  the  ends  of 
leads,  or,  in  general  to  any  two  points  in  a  cir- 
cuit.     The  term  *  electromotive  torce/  however. 


JliMlirt»Uait#r 

of   dectnanotive   foice  ex- 
or  C  G.  S.  1 


pvcsMx)  in 

The  one-hundred  nuOionth  part  of  a  Tolt, 
since  i  vob  eqoab  lo^  C.  G.  S.  umts  of  dec- 
traDothf  e  ioffce.    (See  Utuis^  Pr actual^ 

Fotw,  IBmLUmmiMf^  Averi^  •r  Man 

ThesnmoftheTalnesff  anumberof 

separate  electromotife  forces  divided  by  their 
number. 

The  square  root  of  the  mean  square  of  the 
electromotive  force  of  an  alternating  or  \an- 
able  current. 

When  a  wire  in  the  armature  of  a  djiuuiio- 
elecuic  marhinr  cuts  the  Macs  of  magnetic  farce 
in  the  field  of  the  maehine,  the  dectromodve 
force  produced  depends  on  the  number  of  Mnes 
of  force  cut  per  seoood.  This  will  Tarj  for  dif- 
ferent portions  of  the  coiL  The  mean  Taloe  of 
the  Tarying  electromotiTe  Soroes  between  the 
brashes  is  the  aYcrsf  e  electromotive  force. 

Fotm,   HuuUs— Utc,    Ba«k A 

term  somettmet  used  lor  counter  electro- 
motive force. 

Coonter  electromotive  force  is  the  preferable 
term.     (See  Ferce^  Electromotive^  Commier.) 

Force,   EleetFomotiTe,    Coanter 

An  opposed  or  reverse  electromotive  force, 
which  tends  to  cause  a  current  in  the  oppo- 
site direction  to  that  actually  produced  by 
the  source. 

In  an  electhc  motor,  an  electromotive  force 
contrary  to  that  produced  by  the  ciurent 
which  drives  the  motor,  and  which  is  pro- 
portional to  the  velocity  attained  by  the 
motor. 

Counter  electromotive  force  acts  to  diminish 
the  current  in  the  same  manner  as  a  resistance 
would,  and  is  therefore  sometimes  called  tptrious 
resistance  in  order  to  distinguish  it  from  an  okmie 
or  tnie  resistance. 

Counter  electromotive  force  is  sometimes  ex- 
pressed in  ohms,  though  it  is  not  a  true  ohmic 
resis  anct'.     (Sec  Resistance,  Spuriovu,) 


It  may,  however,  equal  it  and  t 
9^om,    (See  CeO^  VoilmU^  IVmrasHm 

In  a  stormgit  etU^  the  dkaajpa^  ( 
an  f  Ice  ti  t— ocif  e  force  cosaaer  to  iIkI 
in  a  moior,  is  a  tr«e  mcasire  o€  Ae  ea 
in  the  ccfl.  Economy  requires  that  \ 
motive  force  of  the  charpog  current  s 
Utile  as  posihle  greater  than  that  of  I 
cfcctio—Jtife  force  of  the  cellitisciH 

In  a  voltaic  arc  a  coonter  clectnnna 
believed  to  be  set  up  by  polarizatfoo. 

Fttve,  Eieetf  ■#tfYe^  Cpnrtn 

Teetlve  Disehju^ Resiste 

passage  of  an  electric  cliscliarge  i 
high  vacomn,  sooiewhat  of  tbe  Hi 
counter  electromotive  force, 

Tbe  resistance  to  the  passage  uf  cjn^ 
charges,  dfecrcfore,  is  due  Id  thefcUow: 

(1.)  True  ohmic  resistance. 

(2.)  Counter  electroaiotive  force. 

Force,  ElectromotlTe,  Coanter,! 

IjidiicUoA The  counter  eki 

force  produced  by  the  mutual  ioc 
the  primary  and  secondaiy  cirGoit! 

other. 

Foroe,  EleetroBoliTe,  C«aitei 

Indnction That  part  of  the 

electromotive  force  which  is  prod 
^vhich  tends  to  produce,  at  any 
change  in  the  current  strength. 

Foree,  ElectrMiatiTe,  Gouter, 
Indnction  of  Um  Primary 

electromotive  force  produced  in  th 
circuit  of  an  induction  coil  by  t 
thereon  of  a  simple  periodic  elc< 
force. 

The  counter  electromotWe  force 
in  the  primary  circuit  of  an  indued* 
the  application  of  a  simple  periodic  i 
electromotive  force  to  the  primary  c 

FovM,  Electroaotife,  Oonnter. 
Induction  of  the  Secondary  - 
counter  electromotive  force  produc 
secondary  by  the  periodic  variatioi 
effective  electromotive  force  in  the  si 


Klectramotiro, 
botive  force  acling  in  the  same  direc- 
[another  electromotive  force  already 

^erm  direct  electromotive  force  U  cm- 
b  contradistinction  to  counter  eicctromu- 
b.     (See  For€€^  Eletirpm^iivt^  Caunie*.  ) 

L  ElwtromotiTe,  EfftectlTe  — -  — 
perence  between  the  direct  and  the 
k electromotive  force. 
L   ElectroinotlTe,  ElfeetiTe,  of  Sh?- 

I The  difference  between  the 

pud  the  counter  electromotive  force  in 

IXidar)'  of  an  induction  coil. 

ii  Electro  motive,  GeaerAU^d  b)  Dj - 

tleetric  Maebiue^  Method  of  IncreaH- 

1^  — The  electromotive  force  of  a  dy- 

lectric  machine  may  be  increased  in 

wing  ways,  vir : 

If  incrcaiing  its  speed  of  rotation. 

1^  increasing  the  strength  of  the  magnetic 

brhich  the  armature  rotates* 

If  iocreaatng  the  si«c  of  the  field  through 

1^  armature  passes  in  unit  timet  the  in- 

Itmaioing  the  same. 

Wf  increasing   the   number   of  armature 

p,  J./.,  by  making  successive  parts  of  the 

ire  pass  simultaneously  through  ihe  fit*ld. 

b^  Elf^ctromotiYC,  Iroi>ressed 

bctromotive  force  acting  on  any  cir- 
lirodace  a  current  therein* 
■ipressed  electromotive  force  may  be  re- 
■  producing  two  parts,  vii. :  The  effective 
lotive  force  and  the  counler  electromotive 

le,  Electromotive,  InductlYe 

\  sometimes  used  in  place  of  counter 
biotive  force  of  self-induction. 

|ft,  ElectromotiTe,  Interse —An 

jpotive  force  v^hich  acts  in  the  oppo- 
tection  to  another  electromotive  force 
\  cxbting.     (Sec  Force,  Electromotive, 

ElwtromotiTe,   Motor ^A 

Dposed  by  F.  j.  Sprague  for  the  coun- 
iromotive  force  of  an  electric  motor- 
rctt  Electromotive,  Cotmier,) 

I  Wis  propose  I  by  Spraguc  as  express- 


ing the  necessity  for  the  existence  of  a  counter 
electromotive  force  in  an  electric  motor,  in  order 
to  permit  it  to  utilise  ihe  energy  of  the  electric 
current  which  drives  it 

Force,  Electromotive,  of  ludiictlon 

— The  electromotive  force  developed  by  any 
inductive  action. 

In  a  coil  of  wire  undergoing  ioductioii,  the 
v^ue  of  the  induced  electromotive  force  does  not 
depend  in  any  manner  on  the  nature  of  the  ma- 
terial oi  which  the  coil  is  composed. 

It  has  been  shown : 

(r.)  That  ibeelectromotive force  onndiicti on  is 
independent  o.'  the  width,  thickness  or  material  of 
the  wire  windings.  — (/ariJA/<ij,) 

(2.)  That  it  is  dependent  on  the  form  of  the 
conductor,  and  the  character  of  the  change  it  cjt- 
periences  as  regards  the  magnetic  induction  whkh 
takea  place  through  it. 

Since  any  increase  in  the  strength  of  a  current 
flowing  through  a  coiled  circuit,  pioduces  a  coun- 
ter electromotiye  force,  which  opposes  the  electro- 
motive force  producing  the  current,  it  is  clear 
that  the  impressed  electromodve  force  must  do 
work  against  this  counter  electromotive  force  all 
the  time  ihe  current  strength  is  increasing. 

The  rajvement  of  a  circuit  of  a  given  length 
through  a  given  field  with  a  given  velocity  pro- 
duces  the  same  electromotive  force  whether  the 
circuit  be  formed  of  conducting  material  or  non- 
conducting materia^  or  consists  of  an  electrolyte. 

Force,   Elect  com  otive,  of  Secondary  or 

Storagrc  Oil,  Time  Fall  nt ^  --A gradual 

decrease  in  the  potential  difference  of  a  st^  <r- 
age  battery  obsened  during  the  discharge  of 
the  same. 

When  a  secondary  or  storage  battery  ts  first 
discharged,  a  slight  decrease  of  its  potential  dif- 
ference takes  place  and  a  potential  difference  of  a 
slightly  decreased  vilu*  is  maintained  nearly  con- 
stant dunniaj  a  protractei  period  of  discbarge. 

Force,  Electromotive,  of  Secondary  or 

Storage  Cell, TimeUlse of ^A gradual 

increase  in  the  potential  difference  of  a 
secondary  or  storage  cell  uhsen'ed  on  begin- 
ning the  discharge  after  a  prolonged  rest. 

When  a  secondary  or  storage  cell  is  discharged 
and  then  given  a  prolonged  rest  by  opening  il4 
circuit,  a  gradual  but  decided  rise  in  its  potential 
difference  is  observed  on  again  beginning  its  div 
charge^ 


I 
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^plies  only  to  the  maxtmum  difGereace  ot  potential 
which  exists  in  the  CLrciiit,  or,  in  other  words,  the 
tot&l  generated  dlfierence  of  potenti&l." 

Thi^  loit  para^^niph  expresses  the  distinction 
between  the  two  terms  a  i  ordinarUy  used  in  con- 
nection with  dynamos  and  batlcriess 

Faroe*  Elpctra motive,  Abi^lnte  Unit  of 

A  unit  of  electromotive  force  ex- 
pressed in  absolute  or  C.  G.  S.  units. 

The  one-hundred  millionth  part  of  a  voIt» 
since  i  volt  equals  lo^  C,  G,  S.  units  of  elec- 
tromotive force.    (Sec  UnitSt  Praciscal,) 

Force,  ElectromotiTe,  Average  or  Xcitn 

The  sum  of  the  values  pf  a  number  of 

separate  electromotive  forces  divided  by  their 
number. 

The  square  root  of  the  mean  square  of  the 
electromotive  force  of  an  altt mating  or  \  ari- 
able  current. 

When  a  wire  in  the  armature  of  a  dyiiaiuo- 
dcctric  machine  cuts  the  lines  of  magoeiiL  force 
in  the  field  of  the  machine,  the  clcLtroaioiive 
force  produced  depe&ds  on  the  number  of  lines 
of  force  cut  per  second.  This  will  vary  for  dif- 
ferent positions  of  the  loaL  The  mean  value  of 
the  varyin^j  electromotive  forces  tictween  the 
brashes  is  the  average  electromotive  loroe. 

Foree,    ElectroDMitiTe,    Baok — A 

term  sometimes  used  for  counter  electro- 
motive force. 

Counter  electromotive  force  is  the  preferable 
term.     (See  Force^  Electromotive^  Cmtnter  ) 

Force,    Electnimolive,    Coanter  - — -  — 

An  opposed  or  reverse  electromotive  force, 
which  tends  to  cause  a  current  in  the  oppo- 
site direction  to  thai  actually  produced  by 
the  source. 

In  an  electric  motor,  an  electromotive  force 
contrary  to  that  produced  by  the  current 
which  drives  the  motor*  and  which  is  pro- 
portional to  the  velocity  attained  by  the 
motor. 

Counter  electromotive  force  acts  to  diminish 
the  current  in  the  same  manner  as  a  resistance 
would,  and  is  thfrefore  sometimes  called  spariaui 
resistance  in  order  to  distinguish  it  from  an  okmic 
or  trtte  resijtance. 

Counter  electromotive  force  Is  sometimes  CX' 
pressed  in  ohms,  though  it  is  not  a  true  okmic 
rests  nncL\     (Sc»;  Resistame^  Spuriotu,) 


The  coontcr  electromotive  force  of  a  iraltaic 
battery  ts  due  to  the  polarisation  of  the  odift* 
Since  this  force  is  dui  to  the  coxrent  in  the  cell,  2t 
can  never  exceed  such  curi-cnt  or  reverse  iti  difV- 
tion.  It  may,  however,  equal  it  and  thus  stop  ill 
flow.     (See  Cell^  Voltak^  Polar ixation^J.) 

In  a  stcrage  ctil^  the  chaining  current  produce 
au  ejectromotive  force  couxUcr  to  itieli,  which,  as 
in  a  motor,  is  a  true  measure  of  the  energy  storad 
in  the  cell.  Economy  requires  that  the  etectro- 
motive  force  of  the  charging  current  should  be  ^s 
Utile  as  possible  greater  than  that  of  the  cotmter 
electromotive  force  of  the  cdl  it  is  chargiiig. 

In  a  voltaic  arc  a  cotmter  electromotive  loreeb 
believed  to  be  set  up  by  polarization. 

Force,  ElectromotlTe,  Comiter,  of  dm- 

vf^ciive  DiMchar^e —Resistance  to  the 

passa^  of  an  electric  discharge  through  a 
high  vacuum,  somewhat  of  the  nature  of  a 

counter  electromotive  force. 

The  rcsbtancc  tj  the  p«isage  of  convecuve  dis^ 
charges,  therefore,  is  due  to  the  fcUowing  i 

( 1 , )  True  ohmic  resistance. 

(2.)  Counter  electromotive  force. 

Force,  Electromotive,  Counter,  af  J 

Induetiokii The  counter  electromocive 

force  produced  by  the  muttial  iodiictioti  ol 
tlie  primary  and  secxindary  circuits  on  c&di 
other. 

FonDe,  El^ctrouotiTe,  CotuitBr,  #r  8cir* 

Iiiditetioii —That  part  of  the  impressed 

electromotive  force  which  is  producing,  or 
which  tends  to  produce,  at  any  instant  a 
chan^  in  the  current  strength. 

For»e,  KloctroinotiTc,  C«MUiler,  of  S.*!f* 
I  nd  net  ion  of  Uie  Prlnarj A  counter 

electromotive  force  produced  in  the  prioiary 
circuit  of  an  induction  coil  by  tlie  action 
thereon  of  a  simple  periodic  dectroiQOliire  | 
force. 

The  counter  electromotive  force  produced 
in  the  pnmary  circuit  of  an  induction  coil  by 
the  application  of  a  simple  periodic  impressed 
electromotive  force  to  the  primar)'  circuit* 

Fon.-)e,  Electromotive,  Ccitntt^n  of  09lf- 

Induetloii    of    the    Secondary   —A 

counter  electromotive  force  produced  i«  tJbe 
secondary  by  the  periodic  variations  in  the 
effective  electromotive  force  in  the  secoodarr- 
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I,  El«rtr<MiiotiTe,  Direct An 

loUvc  force  acting  in  the  same  direc- 
another  dcctromoiive  force  already 

nam  direct  electromotive  force  h  cm- 
a  coolradistUicUon  to  counter  electromu- 
t.     (Soe  /i»r«,  Eletirom&tivt^  C^mnlfr, ) 

^  EleetrvmiatfTef  Effective 

ference  between  the  direct  and  the 

electro  motive  force. 

^   ElectixmiotlTO,  Eifectlvf*  of  S«e- 

The  difference  between  the 

nd  the  counter  electromotive  force  in 
mdary  of  an  induction  coil. 
I,  Electruiuotiro,  Generated  by  Dy- 
leotrle  Machine,  Method  of  InereaH- 

The  electromotive  force  of  a  dy- 

«ctric  machme  may  be  increased  in 

npnng  ways,  viz : 

J  incieasiag  its  speed  of  rotation. 

y  inereaiing  the  stxength  of  the  magnetic 

f  hich  the  armatuxe  rotates. 

y  iiicreasia)^  the  size  of  the  field  through 

te  armature  passes  in  unit  timCf  the  in- 

enufifitng  the  same. 

f  incrcaain^  the   numhcr  of  annature 

i»  L  f*t  by  making  succcssivl*  parts  of  the 

repass  simultaneously  through  the  ilcld. 

1^  Electro  111  oti  re,  Impressed 

sctrouiotivc  force   acting^  on  any  cir- 
jroduce  a  current  therein, 
ppreaed  eSectramotive  force  may  be  re- 
i producing  two  parts,  viz. :  The  c£Fecti  ve 
otlve  force  and  the  counter  electromotive 

Mt  Electromotive,  Indnetire 

sometimes  used  in  place  of  counter 
notive  force  of  self-induction. 


l^El^etromotlve.  loTerse 


—An 


K  force  which  acts  in  the  oppo- 
to  anotfier  electromotive  force 
eacistuig.  (See  Farce,  EUciromotive, 
-\ 

%    EleetromotiTe»   Motor A 

opased  by  F.  J,  Spragiie  for  the  coon- 
Lromutivc  force  of  an  electric  motor. 
irv¥»  EUctromotive^  Cdu/iier,) 

iwas  propoM;!  by  Spraguc  as  express < 


ing  the  necessity  for  the  existence  of  a  counter 
electromotive  force  in  an  electric  motor,  in  order 
to  permit  it  to  utilize  the  energy  of  the  electric 
current  which  drives  it 

Force,  Electromotive,  of  IndncUott 

— The  clcctromolivt!  force  deN^cioped  by  any 
inductive  action. 

In  a  coil  of  wire  undergoing  induction,  the 
value  of  the  induced  electromotive  force  does  not 
depend  in  any  inaoiicr  on  the  nature  of  the  ma- 
(cnal  ut  which  the  coil  i$  composed » 

It  has  been  shown : 

(t.)  That  the eleclroniotiTC force  of  mductton  is 
independent  oMhe  width,  thickness  or  material  of 
tlie  wire  windings.-  {Far,iJiijr.) 

{z,}  That  it  is  dependent  on  the  form  of  the 
conductor,  and  the  character  of  the  change  it  ex. 
periences  as  regards  the  magnetic  induction  which 
takes  place  through  it* 

Since  any  increase  in  the  strength  of  a  current 
flowing  through  a  coiled  circuil,  produces  a  coun- 
ter electromotive  force^  which  opposes  ihe  electro- 
motive force  producing  the  current,  it  ts  clear 
that  the  impressed  electromotive  force  must  do 
work  agati3t  this  counter  electromotive  force  all 
the  time  ihe  current  strength  i%  increasing. 

The  rajvement  of  a  circuit  of  a  given  length 
through  a  given  field  with  a  given  velocity  pro* 
duces  the  same  electromotive  force  whether  the 
circuit  be  formed  of  conducting  material  or  non- 
conducting material,  or  consists  of  an  dectrotyte. 

Force,  EleetroniotiTP*  of  J^econdnry  or 
>*lora^«*  Cell,  TimO'Full  of — -  —A  gradual 
decrease  in  the  poienlial  difference  of  a  striv- 
age  battery  obsened  during  the  discharge  of 
the  same. 

When  a  secondary  or  storage  battery  is  first 
discharged,  a  slight  decrease  of  its  potential  dif- 
ference takes  place  and  a  potential  difference  of  a 
slightly  decreased  vilus  is  maintained  nearly  con- 
stant durinfj  a  prolractcii  period  of  discharge, 

ForeiN  Electromotive,  of  Secondary  or 
Stora^^e  Cell,  Time-Ui^^D  of A  gradual 

increase  in  the  potential  difference  of  a 
secondarj^  or  storage  cell  observed  on  begin- 
ning the  discharge  after  a  prolonged  rest 

When  a  secondary  or  storage  cell  is  discharged 
and  then  given  a  prolonged  rest  by  opening  its 
circtiit,  a  grarjual  but  decided  rise  in  its  potential 
difTerence  is  observed  on  again  beginning  its  dis- 
charge- 
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Poire,   EleotromotlTe,  Photo An 

electromotive  force  produced  by  the  action  of 
light  on  selenium.     (See  Cdl,  SgUnium,) 

Porce,   Elect  roiuoti  re,   Reaetln^  Indiic- 

tlTe,  of  the  Prlniarj  CiriHiit  ^^ The  back 

or  counter  electromotive  force  produced  in  the 
primary  circuit  by  the  current  set  up  by  in- 
duction in  the  secondar)'. 

Force,  ElectromotiTe,  Secondary  Ini< 
prei^ed An  electromotive  force  pro- 
duced in  the  secondary  coil  or  circuit  by  a 
periodic  electromotive  force  impressed  on  the 
primary. 

Forc^,    ElectromotiTe,    Simple-Perl#dic 

— An  electromotive  force  which  varies 

in  such  manner  as  to  produce  a  simple 
periodic  current,  or  an  electromotive  force  the 
variations  of  which  can  be  correctly  repre- 
sented by  a  simple- periodic  curve. 

Force,  Elect romotiTe*  Thermo -An 

electromotive  force,  or  difference  of  potentials 
produced  by  differences  of  temperature 
acting  at  thermo-electric  junctions. 

F©rce,  Electroiuotive,  Trans  veree 

An  electromotive  force  excited  by  a  mag- 
netic field  in  a  substance  in  which  electric 
displacement  is  occurring. 

It  is  to  a  transverse  electromotive  force  that  the 
Hall  effect  is  due.     (Sec  Effit,  Ila/i,) 

Force,  Electromotive,  Zt^^zag —An 

electromotive  force,  the  curve  of  which  would 
have  the  general  form  of  a  zigzag. 

Force,  Electrostatic The  force  pro- 
ducing the  attractions  or  repulsions  of  charged 
bodies. 

Force,    Electrostatic,    Lines   of 

Lines  of  force  produced  in  the  neighborhood 
of  a  charged  body  by  the  presence  of  ihe 
charge. 

Lines  extending  in  the  direction  in  which 
the  force  of  electrostatic  attraction  or  repul- 
sion acts. 

An  insulated  cliarged  conductor  produces 
around  it  an  electrostatic  field,  in  a  manner  some- 
what similar  to  the  magnetic  field  produced  bjr 
a  magnet  or  an  elettric  currents  (See  Fields 
ElectrostiUi€,  \ 


Lines  of  el^rtrostatic  force  pass  through  dielec- 
trics. Whether  the  force  acts  to  produce  electro- 
static induction,  by  means  of  a  polarization  of  the 
dtdectric,  or  by  means  of  a  tension  set  tip  tn  the 
substance  of  the  dielectric^  i$  not  known. 

Force,  Electrostatic,  Lines  of,  Assnmeil 

Flow  of A  mathematical  conception  m 

which  the  phenomena  of  electricity  are  com- 
pared with  the  similar  phenomena  of  heaL 

In  heat  no  flow  of  heat  occurs  over  isot] 
surfaces,  or  surfaces  at  the  same  temper 
Between  dififcrent  isothermal  surfaces,  the  flow 
will  vary  with  the  power  of  beat  conducdoQ«  In 
electricity,  no  flow  occurs  over  equipotential  sor- 
facea.  Specific  inductive  capacity  corresponds  to 
heat  conductivity,  and  the  lines  of  force  to  the 
lines  of  heat  conduction.  (See  Capacity ^  Specific 
Inductive.) 

Force,  Lines  of,  Contraction  of 

A  decrease  that  occurs  in  the  length  of  the 
circular  lines  of  force  that  surround  a  circuit 
through  which  an  electric  current  is  passing, 
while  the  corrent  is  decreasing  in  intensity  or 
strength. 

The  contraction  or  decrease  in  the  avenge 
diameter  of  the  circular  lines  of  force  of  an  elec- 
tric circuit  is  similar  to  the  expansion  or  growth 
of  tines  of  force,  excepting  that  the  movement  is 
one  of  decrease  In  diameter,  and  takes  place  in 
the  opposite  direction,  L  ^m  towards  the  circuit, 
instead  of  away  from  it,  (See  Fi?rce^  IJms  <?/, 
Grirwtk  or  Expansion  of.) 

Force,  Lines  of,  Cnttlng'  — -Passing  a 

conductor  through  lines  of  magnetic  force,  so 
as  to  cut  or  intersect  them. 

The  cutting  of  lines  of  magnetic  force  produces 
diiferciices  of  potential.  This  is  true  whether  the 
conductor  moves  through  a  stationary  field  or 
whether  the  6cld  itself  moves  through  the 
stationary  conductor,  so  that  the  lines  of  force  and 
the  conductor  cut  one  another.  This  cutting  is 
mutual.  Each  line  of  force  cuts  and  is  cut  by  the 
circuit  Since  all  lines  of  force  form  closed-cir- 
cuits or  paths,  the  cutting  of  the  circuit  by  the 
tines  of  force,  or  the  reverse,  forms  a  Hnk  or  chain, 
and  the  cutting  takes  place  at  the  momeat  of 
linking  or  unlinking^  L  e.^  of  cutting* 

Force,  Lines  of,  BilFQsloii  of The 

deflection  of  the  lines  of  magnetic  force  from 
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irdinatY   position,   between   the   poles 
|oduce  them. 

ce,  tines  of.  Direction  of The 

pn  in  which  it  is  assymed  that  the  lines 
petic  force  pass, 

genenlly  agreed  to  consider  the  lines  of 
lie  force  as  comiog  out  of  the  north  pole  of 
net  and  passing  into  its  south  pole,  as 
I  Fig.  257. 


f^,  MJ7.    Dir§etM»  qfLimi  9f  Ferct^ 

it  Winelillies  called  the  positive  direction 
Bfl|of  ^ce  and  agrees  in  general  with  the 
Hp  which  the  electric  current  is  asstiined 
nralch  is  from  the  positive  to  the  nega- 
hut  is  to  sa]r»  the  lines  of  magnetic  force 
imed  to  flow  or  pass  out  of  the  north  pole 
D  the  iouth  pole  of  a  magnet.  Of  course 
;  no  direct  evidence  of  any  flow,  or  of  any 
lir  direction  characterizing  the  lines  of 
(See /»/*/,  Magnetic.  \ 
lines  of  electrostatic  force  are  asstnned  to 
t  of  a  positively  charged  surface  and  into 

Rf  charged  surface. 
ItneH  of,  Growth  or  Empansiou  of 
e  increase  in  the  length  of  path 
h  which  lines  of  force  pass,  consequent 
increase  in  the  strength  of  the  mag- 
ton  of  a  magnet,  or  on  an  increase  in 
Cngth  of  the  magnetizing  current, 
circular  tines  of  force  which  surround  a  con  - 
through  which  a  current  is  flowing,  may  be 
Id  AS  starting  from  the  surface  of  the  con- 
md  growing  in  size  as  they  spread  out- 
ftt  the  same  time  new  lines  of  force  bein|^ 
En  their  places.  This  action  continues  while 
hgtholthe  current  is  increasing,  somewhat 
t  series  of  concentric  waves  which  arc 
on  the  surface  of  water,  when  a  stone  is 
I  into  it 

cir  growth  or  erpandon  outwards  from 

klijctor,  if  the  lines  of  force  cut  or  pass 

aeighboriiig  conductors,  they  produce 


therein  differences  of  electnc  ootential,  capable, 
on  being  connected  by  a  conductor,  of  produc* 
ing  electric  currents* 

Force,  Lines  of,  Radiation  of  — The 

passing  of  lines  of  force  out  of  the  north 
pole  of  a  magnet  or  Bolenoid. 

In  gross  matter  alt  lines  of  magnetic  induction 
either  pass  throu^  magnetized  iron,  or  other 
paramagnetic  substance  which  surrounds  an 
electric  circuit.  Smce  lines  of  force  pass  through 
a  vacuum,  the  ether  which  occupies  such  a  space 
must  %l<iO  be  regarded  as  permitting  the  passage 
of  lines  of  force. 

Force,  Loops  of  — A  term  sometimes 

employed  in  the  sense  of  lines  of  force »  (Sec 
Force,  Magnetic,  Lines  of.) 

The  term  **  Lines  of  Force"  is  generally 
adopted  in  place  of  Faraday's  term  "Loops  of 
Force.*' 

Force,  Magnetic  ~  —The  force  which 
causes  the  attractions  or  repulsions  of  mag- 
netic poles. 

Force,  Magnetic,  Line  of— Arbitra- 
rily a  single  line  of  magnetic  force, 

PracUcally  the  lines  of  magnetic  force 
which  pass  through  a  unit  area  of  cross- sec- 
tion of  a  magnetic  Beld  of  unit  strength. 

Force,   Magnetic,   Lines  of Lines 

extending  in  the  direction  in  which  the  mag- 
netic force  acts. 

Lines  extending  in  the  direction  in  which 
the  force  of  magnetic  attraction  or  repulsion 
acts.     (See  Fieid,  Magnetic) 

Faraday  regarded  the  lines  of  magnetic  force  as 
possessing  tension  along  one  direction.  Lines  of 
force  act  as  if  they  were  stretched  elastic  threads, 
possessed  of  the  property  of  lengthening  or  short- 
ening, and  of  repelling  one  another. 

Force,  Magnetic,  Lines  of»  Conducting 
Power  f4»r A  term  employed  by  Fara- 
day for  magnetic  permeability.  (See  Perme^ 
ability,  Magnetic.) 

Force,    Magnetic,    Lines    of,    PositlTe 

Direction  of — The  direction  in  which 

a  free  north-seeking  pole  would  move  along 
the  hnes  of  force  when  placed  in  a  magnetic 

Held. 
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Force,  MiNrit^tlCf  Telluric The 

earth's  magnetic  force. 

Force,  Magneto-MotlTe The  force 

that  moves  or  drives  the  lines  of  magnetic 
force  through  a  magnetic  circuit  against  the 
magnetic  resistance, 

A  Committee  of  tlic  American  Institute  of  Elec- 
trical Engineers  on  *'  Units  and  Standards  **  pn>- 
pu6t!d  the  following  definition. 

The  magneto -motive  force  in  a  magnetic  cir- 
cuit is  43r  multiplied  by  the  flow  of  the  current 
luiJccd  with  that  circuit.  The  magneto  ^motive 
lorce  between  two  points  connected  by  a  line  is 
the  Eine  iotegrml  of  the  maguetic  force  aioug  that 
Hoe.  Bifferenoe  of  magnetic  potential  constitutes 
magneto- motive  force.** 

The  same  committee  gave  the  electro  magnetic 
dimension al  formula  iJ  M'  T~^. 

The  flow  or  flux  of  lines  of  magnetic  force  in 
any  magnetic  circuit  is  proportional  to  the  mag- 
neto-motive  force  divided  by  the  magnetic  resist' 
ance  ;  ar«  expressing  the  law  in  the  form  of  Ohm^s 
law  for  current: 

M>gnctk  Flu»  =  Magneto-Motive  Force 
Reluctance. 

In  this  formula  the  word  reluctance  is  used  in 
place  of  magnetic  resistance.  In  the  case  of  an 
cJedro-magnct,  the  magneto -moUve  force  is  pro- 
portional to  the  strength  of  the  current  which  flows 
and  the  number  of  times  it  calculates ;  or,  more 
simply^  is  proportional  to  the  number  of  ampere 
turns,     (See  Turm,  Amp^t.) 

Force,  I€iigniitfKM(»tl re,  Abiolute  Unit  of 

\n  multiplied  by  unit  current  of  one 

turn* 

Faroe,  Magnoto-Mothi*,   Praotleait   Unit 

•f A  value  of  the  magneto- motive  force 

equal  to  4jr  multiplied  by  the  amperes  of  one 
turn,  or  to  iV  of  the  absolute  unit. 

Force,   Motor   EleetromotiTe  — A 

term  proposed  by  F.  J.  Sprague  for  the 
counter  electromotive  force  of  a  motor. 

During  the  rotation  of  the  armature  of  an 
electric  motor  in  its  field,  a  counter  electromotive 
force  is  produced  in  its  coib^  which  acis  a9  a 
spurious  resistance  and  opposes  the  flow  or  pass- 
age of  the  driving  current  through  its  coils.  As 
the  speed  of  the  motor  increases,  this  counter 
electromotive  force  increases  and  the  strength  of 
the   driving    current    decreases   until  a  certain 


maztmum  speed  is  reached,  when,  theorelicaUj, 

no  current  passes. 

When  a  load  is  placed  on  the  electric  motor, 
the  speed,  and  consequently  the  counter  elccfro* 
motive  force,  is  decreased  and  more  dfi^iiig  cor* 
rent  is  permitted  to  pass.  It  was  this  comitea* 
tion,  viz.:  that  the  load  automatically  regoLitcs 
the  current  required  to  ^svit.  the  motor*  that  led 
to  the  name  motor  elccrromotive  force.  (See 
Force ^  EUctromottve^  CottnttT,\ 


i 


Force,  Besoliitioii  of  — 

tion  of  a  single   force,  acting  wth 


The  scpara- 
a  given 
number 
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intensity  in  a  given  direction,  into  a 
of    separate     forces 
acting  in  some  other 
direction. 

Thus  the  force  D  B, 
Fig.  258,  acting  with 
the  intensity  and  m  the 
direction  shown,  may 
be  resolved  into  two 
component    forces,    D 

E  and  D  C^  acting  in  the  directions  and  havinf 
the  intensities  shown*  The  single  force  D  B,  hai 
t>eeo  resolved  into  two  separate  forces  D  E  and 
CD. 

Force,  Tme  Contact  — A   force 

effect  entirely  distmcl  from  the  voltaic  effect* 
which   exists   at  the  points   of  contact   be 
tween  two  dissimilar  metals. 

The  truth  of  the  existence  of  a  true  contact  foi 
at  the  junction  of  dissimilar  metals  is,  seen  by  th 
reversible  heat  effects  observed,  when  a  curreni 
of  electricity  is  passed  across  a  j  vnction  of 
dissimilar  metals.  When  the  eurrenC  is  pai 
one  direction,  an  increase  of  temperature  is 
duced,  but  when  passed  in  the  opfM>;itedtrecti< 
a  decrease  of  temperature.      (Sec  Ef^£t^  F<ltU9, 

Hence  there  would  appear  to  be  a  fore; 
at  the  junction,  helping  the  electricity  along 
one  direction,  but  opposing  it  in  the  opposite  dl 
rection.  In  one  direction  the  clcclncity 
work  and  consumes  its  own  energy  in  ^g  doing 
la  the  other  direction  it  opposes  the '  passage 
the  current,  and  these  results  a  generation  a 
heat. 

Force.  Tube!*  af Tubes  bour>ded  i 

lines  of  electrostatic  or  magnetic  force. 

Lines  of  force  never   intersect  one  another^l 
Hence  a  tube  of  force  may  be  regarded  as  con* 
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i  number  of  lines  of  force  at  any 
ry  cross -section. 

I  of  dectrottatic  £orce  always  terminate 
tqiiaX  quantities  of  positive  and  negative 
ty  retpcctivdy.  They  terminate  when 
€t  a  coDducting  surface. 
Bn&tub«S€l  force  is  somewhat  mislead. 
ce  lucli  io-called  tubes  are  in  general 
tber  than  tubes. 

B»  Twisting' —A  term  somctinies 

r  torque.     (See  Torgue,) 

R,  Unit  ©f A  force  which,  act- 

r  one  second  on  a  mass  of  one 
B,  will  give  Jt  a  velocity  of  one  ccnti- 
icr  second. 

ait  oi  foroe  is  caUed  a  dyne,     (See 

Camp4l§iltlci]i    of Finding 

trtion  and  Intensity  of  a  single  force 
represents  the  loul  effect  of  two  or 
iroes  acting  simultaneously  on  a  body. 

PS,  Paralk'lognun  of —A  para'- 

II  constructed  about  the  t\\T>  lines  that 
Dt  the  direction  and  imensity  with 
wo  forces  are  simultaneously  acting 
dy»  in  order  to  determine  the  direction 
:ensity  of  the  resultant  force  with 
t  moves. 

tTTo  forces  A  C  and  AB,  Fig.  259,  siroul- 
y  act  in  the  direc-  ^  \t> 

the  arrows  on  a 
A,  the  direction 
ensi ty  of  the  re- 
A  D,  is  deter> 
ff  drawing  C  D 
\  parallel  respectively  to  A  B  and  A  C. 
{onal  A  D,  of  the  parallelogram  A  C  D  B, 
idlieed,  grres  this  resultant.     (See  C^m- 

I    Trolley The    mechanism 

^Uianjcally  connects  the  trolley  wheel 
H^pole.     (See  TrolUy.) 
id  CIrcnIti.— (Sec  Circuits,  Forked:) 
i4     liiriitntni^.  —  (See    Lightning, 
) 

ml  tndnciancc  of  Clrfolt— (Sec/if- 
'z.  Farmai^  of  Circuit,) 


gram  0/  turc^s. 


Forming  Plntes  of  Seeondary  or  §tor. 
Age  CelU, — (Sec  Plates  of  Secondary  or  Stor- 
age Ceils,  Forming  of.) 

FornLuln.— Mathematical  expressions  for 
some  general  rule,  law.  or  principle. 

Formulae  are  of  great  a&sistaiice  in  science  m 
cxpre^uig  the  relations  which  exist  between  c^:r- 
tain  forces  or  values,  and  the  effects  thnt  result 
from  their  operations,  since  they  enable  us  t?  ex 
pre^s  these  rclatiotis  m  clear  and  concise  forms,      i 

Thus  in  th'i  formulation  of  Ohm*s  law: 

R 

we  see  that  the  continuous  current  C,  in  any  cir- 
cuit, is  ct|ual  to  the  clccromjtive  force  E,  divided 
by  the  reai stance  R,  Ai;ain,  wc  sec  that  the  cur- 
rent IS  directly  proportional  to  the  electromotive 
force,  and  inversely  proportional  to  the  resistance. 

FormulK  are  usually  written  in  the  form  of  an 
equation  and  therefore  contain  the  sign  ai  equality 
or  =i. 

Forumln,  Pbotometric ^(Sce  PAo- 

totHMtric  Formula,) 

Fone^tiltCtirrents.— {Sec  Cmrrmis,  Feu- 

cattii,) 

Fonr-Wny  Hplle«  Bor,— (Sec  Box,  Splice, 

Four-  IVay,) 

Frames,  SeoUonal  PLitina^ — Framei 

employed  for  st.)  holdii^  the  objects  to  be 
pbted  that  they  shall  receive  a  greater  depth 
of  deposit  on  certam  portiotis  of  their  surface 
thaji  elsewhere. 

Sectional  pnnting  frames  depend  for  their 
action  on  the  fact  that  tlie  portions  rcceivm^  the 
grater  depth  of  deposit  arc  nearer  one  oi  the 
electrodes  than  the  rest  of  the  surface. 

FmnkHnJc  Electricity.  ^  (Sec  Eiec* 
tricit}\  Franklinic,  \ 

Fra II klinizut ion.— Electrization  by  means 
of  a  frictional  or  influence  machine  as  distin- 
guished from  faradisation  or  electrization  by 
means  of  an  induction  coil. 

This  tcnn  is  used  only  m  medical  dectndty. 

Preo  CItargo.— (See  Charge,  Free.) 

Free  Magnetic  Pole,— (See  Pole,  Mag* 
netic.  Free.) 

Pro*jiienry  of  ,411ernationsL— (See  Alter- 

nations,  Frejuenry  of  \ 


^ 


Friction  Brake.- (See  Brake,  Friction,) 
f  rictioual     Electrical     Machine. — (See 
Afackine  Friciional  Eiectric^ 
FHctlonal  Electricity.— (See  Electricity, 

Friciional.) 

Frog^,  OolTafioscopIc The  hind  legs 

cf  a  recently  killed  frog  employed  as  an  elec^ 
Iroscope  or  galvanoscope,  bysending^an  elec- 
tric current  from  the  nerves  to  the  muscles, 
(See  Electroscope.) 

In  17S6,  Luigi  Galvani  made  the  observation 
that  when  the  legs  of  a  recently  killed  frog  were 
touched  by  a  metallic  conductor  connecting  the 
nenes  with  the  muscles,  the  legs  were  convulsed 
as  though  alive.  He  re^ieated  thb  experiment 
and  found  the  mov^e. 
ments  were  more  pro- 
nounced  when  two  dia- 
similar  metals^  such  as 
iron  and  copper,  weT€ 
employed  in  the  manner 
shown  in  Fig,  260. 

The  classic  ex  peri- 
ment  created  intense 
excitement  in  the  scien- 
ti6c  world,  and  Galvani 
at  first  tx^lieved  that  he 
had  disco vtTcd  the  true  vital  fluid  of  the  animal, 
hut  afterwards  recognized  it  as  electricity,  which 
he  believed  to  be  obtained  from  tlie  tody  of  the 
animal.  Volta  claimed  that  the  movements  were 
due  to  electricity  caused  by  the  contact  of  dissimi* 
lar  metalsj  and  thus  prriHuced  his  famous  voltaic 
pile-    (See/^7^.  Valfair,) 

Frog»  Trolley The  name  given  to 

the  device  employed  in  fastening  or  holding 
together  the  trolley  wires  at  any  point  where 
the  trolley  wire  branches,  and  properly  guiding 
the  trolley  wheel  along  the  trolley  wire  on  the 
movement  of  the  car  mer  the  track. 

Frog.  Tn>lley»  Bljfht  Hand —A  trol- 
ley frog  used  at  the  point  where  the  branch 
trolley  wire  leaves  the  main  line  on  the  right 
of  the  direction  in  which  the  car  is  moving. 

Frog  Trolley,  Standard The  trol- 
ley frog  used  at  the  point  where  two  branch 
lines  make  equally  converging  angles  to  the 
maia  line. 

ftllt,  TroUejt  Three- W«j ^A  iroU 
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ley  frog  used  where  the  line  branches  in  three 
directions. 
Frying  of  Arc,— (See  Arc,  Frying  0/,] 
Fnlgarite,— A  tube  of  vitrified  sand,  be- 
lieved to  be  formed  by  a  bolt  of  lightning. 

The  fulgurite  consists  of  an  irregular  shaped 
tube  of  glass  formed  of  tand  which  has  been 
melted  by  the  electric  discbarge. 

Full  Contact- (See  Contact,  Mctalltct 

Faller*-s  Merenry  Biehromate  Yoltale 
CplL~(See  Cell.  Voltaic,  Fuller's  Mercury 

Bichromate,) 

Fnlminate,— The  name  of  a  class  of  highly 
explosive  compounds. 

Fulminating  gold*  silver  and  mercury  are 
highly  explosive  substances.  Fulminates  are 
employed  in  percussion  caps. 

Fnnetlon,  Trigonometrtcal Cer- 
tain quantities,  the  values  of  which  ane  de- 
pendent on  the  length  of  the  arcs  subtended 
by  angles,  which  are  taken  for  the  measures 
of  the  arcs  or  angles  instead  of  the  arcs 
themselves. 

The  trigonometrical  functions  arc  the  sine*  the 
co-sine,  the  tangent,  the  co  tangent,  the  secant 
and  the  co^secant 

These  are  generally  abbreviated  tha%  viz. :  «'«  ^   — 
cos,,  tan.,  cot,  sec,  and  co-sec 

The  sine  of  an  angle  or  arc  is  the  pfTprndio    ■ 
ubr  distance  from  one    L  C 

extremity  of  the  arc  to 
the  diameter  passing 
through  the  other  ex- 
trcmity. 

Thus  in  Fig.  261  B  D,  G 
is  the  sine  o£  the  angle 
B  O  A,   or  of  the  arc, 
B  A* 

The  co-sine  of  an  an* 
gleur  arc  is  that  part  of  Fig.  26 r,    Trigmm^m^erf^ 
the  diameter  which  Hes  emi  fiutttimt. 

between  the  foot  of  the  sme  and  Ihc  centre.  TfauSiv 
D  O,  is  the  co-sine  <<  the  angle  B  O  A.  or  of  the 
arc  B  A, 

The  co^sine  of  an  arc  is  equal  to  the  sine  of  itJ 
complement.     Thus  E  O  B,  or  B  E,  the  comple 
ment  of  B  A,  has  for  its  sine  I  B,  which  is  equai 
to  O  D.     (See  Ang'U,  Comptemeni  a/,) 

if  the  arc  is  greater  than  a  nght  angle,  or  <>} 
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sochy  for  instance,  as  the  angle  TOG, 
arc  B  E  F  G,  B  D,  13  its  sine*     This  is  also 
c  of  BO  A,  or  B  A,  which  is  the  supplc- 
if  T  O  G,  or  B  E  F  G.     Hence  Ihe  sine  of 
ti  is  equal  to  the  sine  of  its  supplement. 
same  is  true  of  the  co  sine. 
tangent  of  an  angle  or  arc  is  a  straight 
iching  the  arc  at  one  extremity,  drawn 
ikular  to  the  diameter  at  that  end  of  the 
limited  by  a  straight  line  connecting  the 
of  the  circle  and  the  other  end  of  the  arc. 
A*  is  the  tangent  of  the  angle  BOA,  or 
fcBA. 

k  CO 'tan  gent  of  an  angle  or  arc  is  equal  to 
Went  of  its  complement.  Thus  E  T,  is  the 
Igcnl  of  the  angle  BOA,  or  the  arc  B  A* 
t  tangent  of  an  angle  or  arc  is  equal  to  the 
pt  of  its  supplement*  Thus  A  C,  is  the  tan- 
if  the  angle  B  O  A,  or  the  arc  B  A.  It  is 
poftl  to  the  tangent  of  the  angle  B  O  G,  or 
fe  BE  F  Gf  the  corresponding  supplement  of 
^1e  B  O  A,  or  the  arc  B  A. 
ft  secant  of  an  angle  or  arc  is  the  straight 
iwn  Crora  thecentreof  the  circle  through 
itremity  of  the  arc  and  limited  by  Ihe  tan« 
ig  through  the  other  extremity.  Thus 
the  secant  of  the  angle  B  O  A,  or  of  the 
A, 
k  secant  of  an  angle  or  arc  is  equal  to  the 
I  of  its  supplement. 

k  CO- secant  of  an   angle  or  arc  is  equal  to 
leant  of  its  complement. 
||ts  O  T,  ii  the  cosecant  of  the  angle  BOA, 

arcBA. 

prill  be  observed  that  the  cosine,  the  co- 
^t  and  the  co-secant  arc  respectively  the 
^gent  and  secant  uf  the  complement  of 
IC  or  io  other  words^  the  complement-sine, 
prnplement- tangent  and  the   complement • 

idAmenUl  Uotts.  -(See60ffVj.  Funda- 

rnftce,  Electric  —A  furnace  in 

I  heat  generated  electrically  is  employeti 
it  purpose  of  effecting  difficult  fusions 
t  extraction  of  metals  from  their  ores, 
other  metallurgical  operations. 
llectric  furnaces,  the  heat  is  derived  either 
fectric  incandescence  or  from  the  voltaic  arc. 
Itter  form  is  frequently  adopted* 
^substance  to  be  treated  \^  exposed  directly 


to  the  voltaic  arc.  In  some  forms  of  furnace  the 
crushed  ore  is  permitted  to  fall  through  the  arc, 
and  the  melted  matter  received  in  a  suitable  ves- 
sel in  which  the  sepiiration  of  the  substances  so 
formed  is  after  larards  completed.  In  other  forms 
of  furnace,  the  ore  is  placed  between  two  elec- 
trodes of  carbon  or  other  refractory  substance, 
between  which  a  powerful  Current  is  passed.  In 
the  Cowles  furnace,  when  aluminium  is  reduced, 
molten  copper  forms  an  alloy  wtlh  the  aluminium 
as  soon  as  separated. 

Very  numerous  applications  of  electricity  to 
furnace  operations  have  been  made. 

PnBe  Block.— (See  Bhck,  Fuse:^ 

Fuse  Board,— (See  Bmrd,  Fuse,) 

Fuse  Box.— (See  Box,  Fuse,) 

FiiAe,  Branch  — •  —A  safety  fuse  or 
strip  placed  in  a  branch  circuit.  (Sec  Fuse, 
Sa/eiy.) 

Fuse,  ConTcrter  — -  ^A  safety  fuse  con- 
nected with  the  circuit  of  a  converter  or 
transformer. 

Ftise,  Electric ^A  device  for  elec- 
trically igniting  a  charge  of  powder. 

Electric  fuses  are  employecl  botli  in  blasting 
operations  and  for  firing  cannon. 

Electric  fuses  are  operated  either  by  means  of 
the  direct  spark,  or  by  the  incandescence  of  a 
thin  wire  placed  in  the  circuit.  They  arc  there- 
fore either  kfgk  fensiott,  or  linutfnsii?n/Miet. 

The  advantage*  of  an  electric  fuse  consist  in 
the  fact  that  its  use  permits  the  simultaneous  fir- 
ing of  a  number  of  charges  in  a  mining  operation, 
thus  obtaining  a  greater  cOfectfrom  the  explosion. 
A  fulminate  of  mcrcary  is  frequently  employed 
in  connection  wUh  some  forms  of  electric  fuses. 

Fnse,  Electric,   Hterh-Te niton A 

fuse  that  is  ignited  by  the  healing  power  of 
an  electric  spark. 

High-tension  fuses,  therefore,  require  a  high 
electromotive  force.  This  is  oblainetl  cither  by 
means  of  induction  coiU  or  by  so:ne  farm^  of 
electrostatic  induction  machine. 

Fuse,  Elect  rlCt   Low -Ten  si  on A 

fuse  that  is  ignited  by  healing  a  wire  to  incan- 
descence by  the  passage  through  it  of  an 
electric  current. 

Fnse»  Electric,  ?4truthani*!» A  form 
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of  fuse  in  which  the  ignition  is  effected  by  the 
electric  spark,  is  shown  in  Fig.  262. 

The  spark  passes  througb  ^bieak  A  B,  in  the  in- 
sulated kajda  D.  Since  gunpow- 
der is  not  rcadilj  ignited  bf  an 
electric  spark,  a  pecuhar  priming 
material  1$  employed  at  AB>  in  the 
place  qS  ordinary  powder. 

Twm  links.  —  (See  LtHj^s, 

Fuse,    Mjigozltie   — ^A 

safely  fuse  so  arranged  as  to 
readily  permit  the  replacement 
of  ihe  fuse  when  burned  out. 

A  spool  contains  a  coil  of  fuse      yr,^_  ^^^ 
wire.      In    order    to   release    the    Strmiham^* 
buriied-out  fuse,   a  wedge-shaped         Fuj*, 
device  is  provided  to  open  the  ctamps  that  hold 
the  fuse  strip  to  r^ease  the  portions  of  burned - 
out  fuse  left,  and  connection  with  the  fuse  strip 
is  severed  while  the  attachment  of  the  new  strip 
is  being  made. 

Fiis^e,  Mftiii  — —  — A  safety  fuse  or  strip 
placed  in  a  main  circuit.    (See  Fuie^  Safety^ 

Fnee,  Plfttlnom  ^-A   thin   platinum 

wire  rendered  incandescent  by  the  passage  of 
an  electric  current  and  employed  for  the  igni- 
tion of  a  charge  of  i>owder.  (See  Fuse, 
Electric^ 

Fuse,  Safety A  strip,  plate  or  bar 

of  kad,  or  some  readily  fusible  alloy » llmt  au- 
tomatically breaks  the  circuit  in  which  it  is 
placed  on  the  passage  of  a  current  of  suf- 


6cient  power  to  fuse  such  strip,  plate  or  bar. 
when  such  current  would  endanger  the  safety 
of  other  parts  of  the  circuit. 

Safety  fuses  are  often  called  safiety  strips  or 
safety  plugs* 

Safety  fuses  are  made  of  alloys  of  lead,  and 
are  pktced  in  boxes  lined  with  naQ-combustible 
material  in  order  to  prevent  fires  from  the  molten 
metaL 

Fig*  263  shows  a  iusible  strip  F,  connected  with 
leads  L,  L.  Safety  fuses  are  placed  on  all  brandi 
circuits,  and  are  made  of  siscs  prorportioiiate  to 
the  number  of  lamps  they  guard. 


Sfoce  incandescent  lamps  are  generally  placed 
in  the  circuit  in  multiple  arc^  or  in  multiple^series, 
one  or  more  of  the  circuits  can  be  opened  lay  6>e 
fusion  of  the  plug  without  interfering  with  the 
continuity  of  the  rest  of  the  circuits.  In  series 
drciuts,  however,  sach  as  arclight  drcoits,  wheo 
a  lamp  is  cut  out,  a  short  circuit  or  path  aroond 
it  must  be  provided  in  order  to  aroid  the  extin- 
guishing of  the  rest  of  the  lights. 

Fuse  Wire.— (See  Wire,  Fus€.) 

Fusible  Flair. — A  term  commonly  applied 
to  a  safety  plug.    (See  Fm*,  Sa/giy 


6alns«. — The  spaces  cut  in  the  faces  of 
telegraph  poles  for  the  support  or  placing  of 
the  cross  arms, 

OAlT&iiIe  Battery,— (See  Battery,  Gal- 
vanic^ 

Gflhaaie  Cell,— (See  Cell,  Voltaic :\ 

Galfftnic  Circle— (Sec  Circh,  Gaivanic.) 

Gftlianfc  Circuit— (See  Circuit,  Gal- 
ZHtnic.) 


Gal  rank  Dosage. — (See  Dosage,  Gal- 
zmnic^ 

Oalraslc  Eleetrlelty.— (See   Eiecirnuj, 

Galvanic\) 

Giihauic  £%etUbil!tj  of  Xerte  or  Soft* 
CtiUr  Fibre. — (Sec  Excitability^  Eluirii, 
of  Nerve  or  Muscular  Fibre,) 

Oalranie  IrHtabnity.-*(See  Irritahiliiy. 
Galvanic.) 


Multiplier.— (Sec  MuHipii€r, 
hwilc   PolartzatfotL~(See  Polariza- 

mule  TU!ite^(Scc  TaiU,  Gah^amc.) 
-A  lerm  sometimes  employed 
tJie  effects  produced  by  voltaic 

iraiilzatloii.  Central ^A  variety 

pai  galvanuation  in  which  the  kathode 
pod  on  Uie  epigastrium  and  the  aitodc 
I  over  I  he  body. 

mibeal  li»n,  EI«etro-Metallureical 
^Be  process  of  covering  any  conduc- 
^^m  with  a  metallic  coating  by  elec- 
^Kosition,  such,  for  example,  as  the 
m&  coating  deposited  on  the  carbon 
\  or  electrodes  used  in  systems  of  arc 

lerm  is  borrowed  from  the  French,  in 
[t  kai  the  above  sigmfication.  h  U  preicr- 
placed  by  the  term  electro  plating.  (Sec 
f^  £It€irtf.) 

term  galvanization  is  never  correctly  ap- 
Mhe  process  for  covering  iron  with  zinc  or 
^ettd  by  dipping  iJie  same  m  a  biith  of 
Itnctal. 

rftalntion,      EleetriNllienipeiiliral 

-In  electro- theraijeutics,  tlic  effects 
?ed  on  ner\'ous  or  muscular  tissue  by 
saa^e  of  a  voltaic  current, 

raniiatlon.  General A  method 

Ijfing  a  current  thempeuticiiUy  by  the 

electrodes  of  sufficient  size  to  direct 

UTcnt    through    practically  the   entire 

ranixatioQ,  Labile  — —  —A  term 
rcil  in  electro-tberapemics,  in  contradis- 
%  to  stabile  galv.mization.  to  designate 
itftkod  of  applying  the  current  by  keep* 
t  electrode  at  rest  in  firm  contact  with 
rt  of  iJic  body,  and  connecting  the  other 
de  to  a  sponge  which  is  moved  over 
lis  of  the  body  that  are  to  be  treated. 

imnlaaUati^  Loeai The  appiica- 

g.ilvanixation  to  pans  or  organs  of  the 
I  caatradiaUnction  to  general  galvani- 


Oalratilzatlofi,    f^tablle ^A    term 

employed  in  elcctro-therapetitics  in  which  the 
current  is  caused  to  pass  continuously  and 
steadily  through  the  portions  of  the  body  un- 
dergoing galvanization. 

In  stabile  gulvaaL^Ationt  the  current  Is  applied 
to  and  removed  from  the  body  gradually,  in  order 
to  avoid  Shocks  at  the  beginning  and  end  of  the 
application. 

Gal  ran  I  zed  In»u.— (See  Iron,  Galvan- 
ize li.) 

GalvaaiK^ — A  word  sometimes  used  in 
France  in  place  of  the  word  electro,  lo  8igflily 
an  article  reproduced  in  copper  by  electnK 
metallui^,  especially  an  electrotype  or  wood- 
cut. 

G^alvano-Causty. — (See  Causty,  Gaivano,] 

GalTano-Caniery. — ;See     Cautery,    G^i- 

vano.) 

Galvano-Caatery,  Chemical  — —  —A 
term  sometimes  applied  to  electro  puncture 

or  the  application  of  electrolysis  lo  the  treat- 
ment of  diseased  growths,  (See  Cnutt^ry^ 
Electric.     Puncture,  EUctro.) 

The  term  chemical  galvano  cautery  would  ap- 
pear to  be  poorly  chosen,  as  it  would  imply  the 
existence  of  a  cautery  action,  which  in  point  of 
tact  docs  not  exist 

Galvano-Fantdlialion,— In  electro- thera- 
peutics, the  simultaneous  excitation  of  a  nerve 
or  muscle  by  both  a  voltaic  and  a  faradic  cur- 
rent. 

Galrani>-Maiciiet.^A  term  sometimes  used 
for  electro-magnetic. 

Electro  magnetic  is  by  far  the  preferable  term, 
and  is  almoil  iiaivert^ly  employed  in  the  United 

SlalCa, 

Galvanometer,— An  i^)paratus  for  meas- 
uring the  strength  of  an  electric  current  by 
the  deflection  of  a  magnetic  needle. 

The  galvanometer  depends  for  its  operation  on 
the  fact  that  a  conductor,  through  which  an  elec- 
tric current  is  flowing^  will  deflect  a  maj^netic 
needle  placed  near  it.  This  deflection  is  f\\xc  to 
the  magnetic  field  caused  by  the  current.  (See 
/'7//</,  Magnftu^  ef  an  Elettric  Ctirrrmt.) 

This  action  of  the  current  was  fint  ditcovered 
by  Oersted,    A  iHre  conveying  a  current  to  the 
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direction  shown  hf  the  straight  arrow,  Fig.  264, 
or  from  +  to  — ,  will  deflect  a  magnetic  needle  in 
the  direciion  shown  by  the  curved  arrows. 
The  foUowjng  rules  show  the  direction  of  the 


Fi^,  964,    Otrtttd'i  Exptrimmt, 

deflection  of  a  magnetic  pole  by  an  electrical  cur- 
rent: 

(I.)  Place  the  right  hand  on  the  conductor 
through  which  the  current  is  flowing,  with  the 
palm  facing  the  north  pole,  and  with  tlie  fingers 
pointing  in  the  dtrcction  of  the  current.  The 
thumb  will  indicate  the  direction  in  which  the 
north  pole  tends  to  move, 

(2.)  Suppose  an  ordinary  corkscrew  so  placed 
along  the  conductori  through  which  a  current  of 
electricity  is  passing,  that  when  twisted,  it  will 
move  in  the  direction  of  the  current*  The  han- 
dle will  then  turn  in  the  direction  in  which  the 
north  pole  of  the  magnet  tends  to  move. 

(3,)  Imagine  one  swimming  along  the  con- 
ductor m  the  direction  of  the  current  and  facing 
the  magnet.  The  north  pole  wi.l  tend  to  move 
towards  the  left  hand  of  the  swimmer. 

Prof.  Forbes  has  shown  that  the  direction  of 
the  defleclioD  of  a  magnet  by  a  current  \&  such 
A  B         C 


Fi§,  lbs     Amfh^i  j^ttrmtui. 

that  if  the  magnet  were  flexible,  it  would  wrap 
itself  round  the  current. 
If  the  w*—  >^  bent  in  the  form  of  a  hollow  rec- 
Fig.  265,  and  the  needle,  M, 


be  placed  inside  the  drcoit,  the  up] 
branches  of  the  current  will  deflect  thi 
the  same  direction,  and  the  cflFect  of  t 
will  thus  be  multiplied.  Mercury  cuj 
vided  at  A,  B  and  C,  for  a  ready  dsi 
direction  of  the  current     (See  N'eei^ 

This  principle  of  the  multiplication 
fleeting  power  of  a  current  was  first  ap| 
vanometcra  by  Schweigger,  who  used^ 
turns  of  insulated  wire  for  the  purpcH 
ing  a  greater  deflection  of  the  needle, 
such  a  device  a  multiplier.     In  cxtr* 
tivc  galvanometers,  very  many  turns  ( 
employed^    in  some   cases  amountioj 
thousands.     Such  galvanometers  artii 
sistancc.     Others,  of  low  resistance^ 
sist  of  a  single  turn  of  wire  and  are 
direct  measurement  of  Large  curren 

A  55chweigger*s  multiplier  or 
many  turns  of  insulated  wire,  is  shoi 
The  action  of  such  a  coil  on  the 
paratively  great,  even  when  the 


In  the  case  of  any  galvanometer,  11 
rent  is  pa^ng,  the  needle,  when  at  ri 
general  occupy  a  position  parallel  to 
the  coil  On  the  passage  of  the  19 
needle  tends  to  place  itself  in  a  posi 
angles  to  (he  direction  of  the  currei 
length  of  the  conducting  wire  in  tlM 
streny^th  of  the  current  passing  is  det 
observing  the  amount  of  this  deflectiij 
ured  in  degrees  on  a  graduated  circlft 
the  needle  moves. 

The  needle  is  deflected  by  the  ciiil 
position  of  rest,  either  in  the  earth' 
field  or  in  a  field  obtained  from  a  pa 
an  electro  magnet.  In  the  first  case,  \ 
to  measure  a  currenti  the  plane  of  the 
eter  coils  must  coincide  with  the 
magnetic  meridian.     In  the  other 
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at  mAf  be  nsed  In  smf  potitioa  in  whicli  the 
He  is  free  to  move. 
Galvanometers  assume  a  variety  of  forms  ac- 
p  cording  cither  to  the  purposes  for  which  they  are 
^Hftploycd,  or  to  the  manner  in  which  their  deflec- 
^^■ms  arc  Talued. 

f        ChdTanomf  ten  Ab§alnt6 A  g^alva- 

'  tiometer  whose  constant  can  be  calculated 
^-ith  an  absolute  calibration,  (See  Calibra- 
tien^  Absolute.) 

I  Such  a  galvanometer  is  called  absolute  because 
if  the  dimensions  of  its  coil  and  needle  are  known, 
the  current  can  be  determined  directly  from  the 
observed  deflection  of  the  needle. 

A 


6al Tonometer,  Aperiodic 


gral- 


vanometer  the  needle  of  which  comes  to  its 
position  without  any  oscillalion. 

A  dead-beat  galvanometer*    (See  Gaiva^' 
nomtier,  Dead-Beat^) 

OalTanometen  Astatic A  galva- 

nomeler»  the  needle  of  which  is  astatic*     (See 
\Wiilft  Astaiu,) 

NobiU*s  astatic  galvanometer  is  shown  in  Fig. 
J67.  The  astatic  needle,  suspended  by  a  fibre  b, 
hu  its  lower  needle  placed  inside  a  call,  a^  con- 
\  of  many  turns  of  insulated  wire,  its  upper 
lie  moving  over  the  grad  uated  dial.  The  cur- 
at to  be  measured  is  led  into  and  firom  the 
1  at  the  binding  posts,  x  and  y. 


Fig.  m6j*    Astatic  Gaha ncmettr. 

In  this  instrument,  if  small  dcAections  only  are 
employed r  the  deflections  are  sensibly  propor- 
taooal  to  the  strength  of  tlie  deflecting  currents* 

flalTAnometer,  Ballistic A  galva- 

tiomctcr  designed  to  measure  the  strength  of 
currents  that  last  but  for  a  moment,  such,  for 
example,  as  (he  current  caused  by  the  dis- 
diarge  of  a  condenser. 


The  quantity  of  electricity  passing  in  any  cir* 
cuit  is  equal  to  the  current  multiplied  by  the  time. 
Since  the  current  caused  by  the  discharge  of  a 
condenser  lasts  but  for  a  small  time,  during  wMch 
it  passes  &om  lero  to  a  maximum  and  back  again 
to  zero,  the  magnetic  needle  in  a  ballistic  galva- 
no  meter  takes  the  form  of  a  ballistic  pendulum, 
I.  ^«,  it  is  given  such  a  mass^  and  acquires  such  a 
slow  motionp  that  its  change  of  position  does  not 


Fig,  m6S*    BttUlttic  GiUifMumtttr, 

practically  begin  until  the  impulses  have  ceased 
to  act. 

In  the  ballistic  galvanometer  of  Siemens  and 
Halskc,  the  coils  R,  R,  Fig.  26S,  have  a  bell* 
shaped  magnet,  M,  suspended  inside  them  by 
means  cC  an  alurainiura  wire*  The  magnet  is  pro- 
vided with  a  mirror  S,  for  measuring  the  deflec- 
tions. The  bell  shaped  maj^net  is  shown  in  ele- 
vation at  M,  and  in  plane  at  n,  s. 

In  using  the  ballistic  galvanometer,  it  is  neces- 
sary to  see  that  the  needle  is  absolutely  at  rest  be- 
fore the  charge  is  sent  through  the  coih. 

A  form  of  baUistic  galvanometer  by  Nalder  is 
shown  in  Fig.  269. 

The  ordinary  form  of  compensating  magnet 
ist  in  this  galvanometer,  replaced  by  the  small  mag* 
net  A,  capable  of  rotation  in  ahorizonlal  plane,  but 
incapable  of  being  raised  or  bwered,  as  is  usual 
in  such  magnets.  This  fom\  of  compensating  mag- 
net possesses  the  advantage  of  being  able  to  alter 
the  direction  of  the  field  on  the  needle  system. 
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without  considerably  dtering  its  intoistty.  When 
the galvaoometer  is  for  ready  use  th«:  magnet  A,  is 
turned  until  the  needle  is  brougbt  to  zera    The 


combined  field  of  earth  and  magnet  A,  are  then 
brought  to  the  degree  of  sensitiveness  required 


Fig-,  ijo.  NaUgr  X  Gmbmm»m«ttr. 
by  rotating  magnet  B,  on  its  ihafl,  or  altering 
its  distance  from  the  needle.  In  order  to  insure 
case  in  replacing  the  fibre>  the  front  coil  is  hinged 
as  shown.  The  fibre  D,  is  supported  on  E,  one 
end  of  which  it  is  free  to  turn,  so  as  to  permit  of 
the  removal  of  torsion;  D,  being  twisted  can  be 
raised  or  lowered  at  E.  The  needle  system  with 
heavy  bcU-shaped  magnet  is  shown  in  Fig.  270. 

(3al?ai]omet«r,  Combined  Tangent  and 

Sine —  A  galvanometer  furnished  with 

X^Q  magnetic  needles  of  different  lengths. 
The  small  needle  is  used  for  tangent  measure- 
ments, and  the  long  needle  for  sine  measure- 
ments. 

Gaivauomeler  Consiaul.— (See  Comtau/, 
Galva  Hom€ier^ 

Galranonieter,  1>fad'Beat —A  gal- 
vanometer, the  needle  of  which  comes  quickly 
to  rest,  instead  of  swinging  repeatedly  to-and- 
fro.     (See  Damping,) 

CialTanoiueter,  Peprcz-D'ArstotiTal  

—A  form  of  dead-beat  galvanometer. 

The  movable  part  of  the  Deprez^D' Arson val 
gmivinoroeter  consists  of  a  light  rectangular  coll 


C|   Hg.  271,  of  many  tarns  ol  wire,  titpportcdl 

by  two  silver  wires  H  J  and  D  E^  between  lh«  I 
poles  of  a  strong  permanent  horseshoe  miigtiet  I 
A  A.  The  position  of 
the  coll  may  be  altered 
as  to  height  by  screws 
at  H  and  E.  The  sup. 
porting  wireSf  prevent 
by  their  torsion  the 
swinging  of  the  coil,  as 
does  also  the  cylinder 
of  soft  iron  B^  placed 
inside  the  coil,  and  sup- 
ported independently 
of  it.  The  movements  || 
of  the  coil  are  observed 
by  means  of  a  spot  of  { 
light  reflectcfl   from    a 

mirror  J*  attached    to  ^jr-  *7/*  ii^^t^^^Antt^ 
the  wire  H  J,  «^C**i- 

Gai vanometer,  Bet^ctor —A  for«  of  | 

galvanometer    employed   for    rough 
work. 

A  form  of  detector  galvanometer  is  show^ 
Fig.  272. 


Fig,  2  J  a,    DeittUr  C^kmtmmtter, 

Ualranom^tcr,  DlffKMTfitlal A  gal* 

vanometcr  containing  two  coils  so  wound  as 
to  tend  to  deflect  the  needle  in  opposite 
directions. 


Tbc  needle  of  a  differential  galv 
no  deflection  when  two  equal  currents  are  1 
through  the  coils  in  opposite  directiona, 
tmder  these  conditions,  each  coil  neutraliaes  the 
other's  effects.  Such  instruments  may  be  used 
in  comparing  resistances.  The  WhoitsliiPfr 
Bridge,  however,  in  most  cases,  aflbrds  a  |»rc£Br« 
able  method  for  such  purpoees.  (Sec  SH^ 
E/tc/ric.) 
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^  A  ienn  of  differential  ^Yanoneter  is  sbown  in 

ittfr^rf  the  current  ia  so  sent  through  the 
t:wo  cofls,   thai  each 
I  the  nee- 
»e  di- 
la  this  case 
iiBtnuncnl  is  no 
differential  in 


ments  over  a  graduated  circle,  they  are  read 
by  the  movements  of  a  spot  of  light  reflected 
from  a  mirror  attached  to  the  needle. 

This  spot  of  h'ght  mores  over  n  gradnaled 
scale,  or  iti  movements  are  observed  by  mcana  of 
a  tdescope. 


^(£,i7J*    Dtjftrtntiai  Gahm' 


the    magnetic 

jle,  in  such  cases, 

aspcnded  at   the 

act  centre    of  the 

;  which  joins  the 

Btres  of  the  coils, 

advantage     is 

Dcd  by  obtaining 

I  of  more  nearly 

Ltorm        intensity 

ound  the  needle.  '*'' 

()ialTaiioni#ler,  Pignre  of  Merit  4>f 

ic  reciprocal  of  the  current  required  to  pro- 
a  deflection  of  the  galvanometer  needle 
through  one  degree  of  the  scale, 
^_^  The  smaller  the  current  required  to  produce  a 
^^HKflcction  of  one  degree,  the  greater  the  ^ure 
^Bf  merit,  or  the  greater  the  sensitiveness  of  the 
^^b  vanometcr  • 

^^   QaUmiioiiiettr,  Marine A  galva- 

Domeler  derised  by  Sir  William  Thomson  for 
use  on  steamships  where  the  motion  of  mag- 
iictixed  masses  of  iron  would  seriously  disturb 
the  needles  of  ordinary  instruments. 
An  umcjeeued  needle  would  be  so  much  af- 
by  Ihe  motion  of  the  engines,  the  shaft  and 
rew,  as  lo  l>e  useless  for  galvanometric 
lent. 
The  needle  of  tfae  marine  galvanometer  is 
*hiiHdf*4  or  cut  off  Ij'om  the  extraneous  heids  so 
imdaoed^  by  the  use  of  a  magnetic  screen  or 
ibletd,  consisting  of  an  iron  box  with  thick  sides, 
iodde  of  which  the  instrument  is  placed. 

The  fkeedle  h  suspended  by  means  of  a  silk 
&hre  attached  both  above  and  below,  in  line  with 
(b#CiPOv  ol  gravity  of  the  needle.  In  tht<i  man- 
ttcr,  IIm  oocHlations  of  the  ^lip  do  not  ;iffect  the 
needle. 

Salfuioiiieter,  Mirror A  galva- 

noaeter  in  which,  instead  of  reading  the  de- 
ledSens  of  the  needle  directly  by  its  move- 


Fit'  ^74*    Mirror  Gaitmmatmttr, 

A  form  of  mirror  galvanometer  dcdgned  by  Sir 
William  Thomson  is  shown  in  Fig.  274.  Th« 
needle  is  attached  directly  to  the  back  of  a  light, 
silvered  glass  mirror,  and  consists  of  several  small 
magnets  made  of  pieces  of  a  watch  spring.  The 
needle  and  mirror  are  suspended  by  a  single  silk 
Bbrc  and  arc  placed  inside  the  coil.  A  com  pen* 
sating  magnet  N  S,  movable  on  a  vertical  axis,  is 
used  to  vary  the  sensitiveness  of  the  instrument. 
The  lamp  L,  placed  back  of  a  sloi  in  a  wide 
screen,  throws  a  pendl  of  light  on  the  mirror  Q, 
from  which  it  £s  reflected  to  the  scale  K« 

A  fiirm  of  lamp  and  scale  with  slot  for  tight  is 
shown  in  Fig.  275, 


L 


^'f*  *7S'    Gmkmmfmttfr  Lamp  tmd  SeaU. 

Onlvanonieter,  Potentlml A  term 

sometimes    applied    to    a    voltmeter.     (Sec 
y oft  meter,) 

CfalTJLDomefer,  Reflecting A  term 

sometimes  applied  to  a  mirror  galvanometer. 
(Sec  OahmnomtUr^  Mirror,} 
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Oalranomet^r,  Seoslbilitj  of ^The 

readiness  and  extent  to  which  the  needle  of  a 
galvanometer  responds  to  the  passage  of  an 
electric  current  through  its  coils.  (See  Gal-- 
vanameier*) 

GalTanomeier-Shnnt,— (See  Shunt,  Gal- 
vanometer:) 

GalTanameter,  Sine  —A  galva- 
nometer in  which  a  vertical  coil  is  movable 
around  a  vertical  axis,  so  that  it  can  be  made  to 
follow  the  magnetic  needle  in  its  deflections. 

In  the  sine  galvanometer,  the  coil  is  moved  so 
j»  to  follow  the  needle  until  it  h  parallel  with  the 
CoU.  Under  these  circumstance^,  the  strength 
of  the  deflecting  currents  in  any  two  different 
cases  is  proportianal  to  the  sines  of  the  angles  of 
deBection. 

A  form  of  sine  galvanometer  is  shown  in  Fig. 
276.  The  vertical  wire  coil  is  seen  at  M.  A 
needle  of  any  length  less  than  the  diameter  of  the 
cofl  M>  moves  over  the  graduated  circle  N,  The 
coil  M,  is  movable  over  the  graduated  horizontal 
circle  H,  b/  which  the  amount  of  the  movement 
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/•iff    276*    Situ  Gahmnomtitr. 

necessarj  to  bring  the  needle  to  zero  is  measured. 
The  current  strength  is  proportional  to  the  sine 
of  the  angle  measured  on  this  circle,  through 
whkh  it  is  necesstry  to  move  the  Q0^^  M,  from  its 


position  when  the  needle  is  at  rest  in  the  plane  oP 
the  earth*s  magnetic  meridian,  until  the  needle 
is  not  further  deflected  by  the  current,  although 
parallel  to  the  coil  M. 


OalTanometer,  Tangent  - 


-An  instni* 


ment  in  which  the  deflecting  cod  consists  of 
a  coil  of  wire  within  which  is  placed  a  needle 
very  short  in  proportion  to  the  diameter  of 
the  coil,  and  supported  at  the  centre  of  the 
coiL 


A  galvanometer  acts  as  a  tangent  galvanon 
only  when  the  needle  is  very  small  as  compared 
with  the  diameter  of  the  coiL     The  length  of  the 
needle  should  be  less  than  one^twelflh  tbe  diameter 
of  the  coil.  M 

A  form  of  tangent  galvanometer  is  shown  in  m 
Fig.  277.     The  needle  is  supported  at  the  exact 
centre  of  the  coil  C. 

Under  these  circumstances,  the  strengths  of  fl 
two  different  deflecting  currents  arc  proportional  ^^ 
to  the  tangents  of  the  angles  of  deflection.     Tan- 
gent  galvanometers  arc  sometimes    made   witb 
coils  of  wire  containing  many  separate  turns. 

(TalTanomften  TanarPnt,  Obach's 

A  form  of  galvanometer  in  which  the  detlect- 
ing  coil,  instead  of  being  in  a  fixed  %*ertical 
position,  is  movable  about  a  horizontal  axis* 
so  as  to  decrease  the  delicacy  of  the  insini- 
ment,  and  thus  increase  its  range  of  work. 

Galvanottii't^^r.  Torsion -A  gal\*a- 

nometer  in  which  the  strength  of  the  deflecting 
current  is  measured  by  the  torsion  exerted  on 
the  suspension  system. 

A  ball'Shaped  magnet,  shown  at  the  right  ai 
Fig.    2  78.  is  su5per4d#d  by  a  thread  and  spiral 


etween  two  coHs  of  high  resistance, 
t^nUlel  to  each  other  in  the  positions 
On  the  deflection  of  the  magnet,  by  the 
&  be  measured,  the  strcogth  of  the  cnirent 
kined  bj  the  amount  of  the  torsion  re- 
bring  the  magnet  back  to  its  zero  point. 
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|e  of  torsion  is  measured  on  the  horizontal 
the  top  of  the  instrument. 
I  tonion  g^alvanomcter,  unlike  the  electro- 
HeteTf  the  action  between  thecotls  and  the 
magnet  is  as  the  current  strength  causing 
lection.  In  the  electro- dynamometer, 
increase  of  current  in  the  dcHccting  coils 
is  place  in  the  deflected  coil,  the  mutual 
I  the  two  is  as  the  square  of  the  Cttrrent 
causing  the  deflection* 

inom^ter,  rpri^ht A  gai- 
ter, the  needle  of  which  moves  in  a 
Kic.  (Sec  Gah/atiomefer,  Vfr- 
©Ur,  Terttcal -A  gai- 
ter the  needle  of  which  is  capable  of 
|a  a  vertical  plane  only, 
^vertical  galvanometer,  the  north  pole  of 
be  Is  weighted  so  that  the  needle  as* 
Icitical  position  when  no  current  is  pass- 
im the  fiotm  shown  in  Fig.  279,  two  needles 


are  sometimes  employed,  one  of  which  is  placed 
inside  the  coils  C,  C. 

The  vertical  galvanometer  is  not  as  sensitive  as 
the  ordinary  forms.  It  is  employed »  however, 
in  various  forms  for  an 
electric  current  indica* 
tor,  or  even  for  a 
rough  current  meas^ 
urer. 


GalYanameter 
V<iltniet«r,— An  in- 
strument devised  by 
Sir  William  Thom- 
son, for  the  meas- 
urement of  differ- 
ences of  electric 
potentiaL 


lyl 


Fig,  2jg.     ^rrftLAi  uahm- 

This  instrument  is  so  arranged  that  by  a  single 
correction  for  the  varying  strength  of  the  earth's 
field  in  any  place,  the  results  arc  read  at  once  in 
volts. 

A  coil  of  insulated  wire  shown  at  A,  Fig.  2801, 
has  a  resistance  of  over  5,000  ohms.  A  magnetic 
needle,  formed  of  short  parallel  needles  placed 
above  one  another,  and  called  a  magnetometer 
needle,  is  attached  to  a  long  but  light  aluminium 
index,  moving  over  a  graduated  scale.  A  mova- 
ble, semi -circular  magnet  B,  calJcd  the  restoring 
magnet,  is  placed  over  the  needle,  and  is  used 
for  varying  the  effect  of  the  earth's  field  at  any 
point.  The  sensitiveness  of  the  ins^umcnt  may 
be  varied  cither  by  the  restoring  magnet  or  by 
sliding  the  magnetometer  box  nearer  to  or  further 
away  from  the  coil. 

The  voltmeter  galvanometer  depends  for  its 
operation  on  the  fact  that  when  a  galvanometer 
of  suHBciently  high  resistance  is  introduced  be- 


tween  any  two  points  in  a  circuit,  the  current  that 
passes  through  it,  and  hence  the  detiection  of  its 
needle,  is  directly  proportional  to  the  dlfierence 
of  potential  between  such  two  points. 
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Galvanometers  for  the  commercial  measure- 
ments of  currents  assume  a  variety  of  forms. 
Tbey  are  generally  so  constructed  as  to  read  off 
the  ampires,  volts,  ohms,  watts,  etc.»  directly. 
They  are  called  amperemeters  or  ammetcrsi  volt- 
mctera*  obmmetcrs,  wattmeters,  etc.  For  their 
filler  description  reference  should  l>e  bad  to 
standard  works  on  electrical  measurement. 

(jalraQometric. — Of  or  pertaining  to  the 
gaJvanometcr.     (Sec  Galvanameier,) 

frftlTanometrieaL — Of  or  pertaining  to  the 

galvanometer*     (See  Gaivanomeien) 
OftlTAiiometi-icuUy.—  In  a  galvanomctric 

manner. 
Cialvano*PUAtie$^ — (See     Piasttcs,    Gal- 

Oalvanoplasty. — The    art     of     galvano- 
plastics.     (See  Plastics,  Galvano^ 
OalTaao-Paactnre,^ — (See  Puncture,  Gai- 

vano.)      * 

Oalranoscope.^A  term  sometimes  im- 
properly employed  in  place  of  galvanometer. 

A  galvanoscope,  strictly  speakings  15  an  instru- 
ment intended  rather  to  show  the  existence  of  an 
electric  current  than  to  measure  it  in  degrees. 
It  may,  however,  be  roughly  calibrated,  and  then 
it  diflera  from  a  galvanonieter  only  in  delicacy 
and  accuracy* 

Gal  ran  o<Tbe  rape  Q  ties. — A  term  some- 
times used  for  electro-therapeutics. 

Electro  therapeutics  is  by  far  the  preferable 
term  and  is  almost  universally  employed  in  the 
United  States. 

Gap,   Air A  gap,  or    opening  in 

a  magnetic  circuit  containing  air  only.  (See 
Gapt  Air,  Magnetic) 

The  air  gap  between  two  magnetic  poles  may 
be  regarded  as  the  space  in  which  an  annaturc 
acting  as  a  magneto  receptive  device  is  placed, 
which  by  the  action  npon  it  of  the  lines  of  mag- 
netic 6irce  pacing  through  the  gap  has  difo- 
enccs  of  potential  generated  in  its  coils  of  insulated 
wire. 

Gapt  Air,  Magnetic ^A  gap  filled 

\^Tth  air  which  exists  in  the  opening  at  any 
part  oi  a  core  of  iron  or  other  medium  of  high 
permeability. 

The  space  between  the  pole  pieces  and  arma- 


ture core  is  called  the  air  gap  in  dynamoft  or  , 
motors  even  though  partly  filled  with  copper  i 
due  tors.     It  is  aUo  called  the  interferenoe  sp( 

The  gap  or  air  space  of  an  eicctro-magaet  de^*! 
creases  the  strength  of  its  magnetization  be«  ] 
cause — 

The  increased  reluctance  of  the  air  gap  can 
a  decrease  in  the  number  of  Uncs  of  magDctic^ 
force  which  pass  through  the  magnetic  circuit. 

Gap,  Spark A  gap  forming  part  of  J 

a  circuit  between  two  opposing  conductors,  ■ 
separated  by  air,  or  other  similar  dielectric 
which  is  closed  by  the  formation  of  a  spark 
only  when  a  certain  difference  of  potential 
is  attained. 

Gap,    Wlre^aiige   —    ^Sce    Ga^^t, 
Wire,  Gap.) 

Ga^Battery.— (Sec  Battery,  Gas.) 

Gas    Burner,    Argraad,    PUIa*FMMiaot, 

Electric    — (See    Burner,    Argand 

Electric,  Plain-Pendant.) 

Gaa  Baraer,  Ar^r&nilf  Rateliet-Peaiaiit, 

Electrld (See  Burner,  ArgnmdEiH- 1 

trie,  Ratchet-Pendant:) 

Gas  Burner,  Aatomatie  Eldctrle 
(See  Burner,  Automatic  Elect nC) 

Urn    Burner,    Plain-Pendant,    Electrie 

(See  Burner,  Plain-Pendani  Ekt- 

trie.) 

Gas  Burner,  Bate het-Pen dan t»  Electrie 

(See  Burner,  Ratchet- Pendant  Eta- 

trie) 

Gas,  CartH>nf c  Acf  d  ^ 


-A  gaseous  5ut>' 


stance  formed  by  the  union  of  one  atom  0' 
carbon  with  tw^o  atoms  of  oxygen. 

Carbonic  acid  gas  is  formed  during  the  os/^- 
bustion  of  carbon  by  a  sxifiBcient  supply  of  air, 

Gas,  Dielectric  Density  of A  term 

sometimes  emploved  instead  of  dielectric 
strength  of  gas,  (See  Gets,  Didi^^ 
Strength  of^) 

Gas,  Dielectric  Strenglli  of Tlie 

strain  a  g^   is  capable  of  bearing  witho«*  1 
suffering  disruption,  or  without  permitting  ^ 
disruptive  discharge  to  nass  through  it 

The  dielectric  strength  of  a  g»a  depetMb— 

(I.)  On  the  nature  of  the  gas.    • 

(2.)  On  its  pressure* 
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&ted  rougblf  thAt  it  reqmres 

Mts  per  centimetre  to  pass  a  disruptive 
|e  throtigli  dry  air  at  oirdiaary  prcsfures. 

p«t»    Gareel    Standard (See 

\SiaH4ard  Gas'jfi.) 

let  Photometer.— (See  Pkotomeier,) 

llgMlaf ,  Electric —The  electric 

I  of  a  gas-jet  from  a  distance. 

lighting.  Multiple  Electric 

tm  of  electric  gas-lighting  in  which  a 
r  of  gas-jets  are  lighted  by  means  of 
bai^e  of  high  electromotive  force. 
I  fixun  a  Ruhtnkorfl  coil  or  a  static 
bn  machine. 

devices  arc  opera^ted  bj  means  of  miQUte 
sparks  wliich  are 


to   pass   tliroiigh 


iping  gas- jets. 

^ark  for  this  pur- 

obtained  cither  by 

iff  the  extra  current 

^ark  coil,  by  XD/cams 

Idactkn  coil  or  by 

Iriiadiarges,     (See 

k    Extra.     Coil, 
Cffil^  ffu/ucticn.) 

k  tip  for  use  in  multiple  gas-lighting  ap- 
is shown  in  Fig,  281.     Hie  spirk  is 

immediately  over  the  slot  in  the  burner, 

rcfore  ignites  the  escaping  gas. 

OeclusEon  of  —The  absoq>tion 

ling  up  of  a  gas  in  the  pores,  or  on  the 
of  various  substances. 


7"^ 


t 


ies  in  a  marked  degree  the  prop. 
pcduding  or  absorbing  gases  iti  its  pores. 
Icduded  fi^ases  must  be  driven  out  from  the 
conductor  employed  in  an  incandescent 
|nce  otherwise  their  expulsion  ^  on  the  in- 
iiceof  thecarbon^  conset^uent  on  the  light- 
lie  lampt  will  destroy  the  high  vacuum  of 
p  chanber  and  thus  lead  to  the  ultimate 
^00  of  the  filament     (See  Lamp^  Electric^ 

mg4 — ^Thc  evolution  of  gas  from  the 
I  a  storage  or  secondary  cell. 

5, — An  electric   apparatus   for 
tion  and  inspection  of  the  human 


The  light  is  obtained  by  means  of  a  platinum 
spiral  in  a  glasi  tube  surrounded  by  a  layer  of 
water  to  prevent  undae  heating.  The  platinum 
spiral  is  placed  at  the  extremities  of  a  tube,  pro* 
vided  with  prisms,  and  passed  into  the  stomach 
of  the  patient.  A  separate  tube  for  the  supply 
of  air  for  the  extension  of  the  stomach  is  also 
provided. 

Gastroscopy,— The  examination  of  the 
stomach  by  the  gastroscope.    (See  Gmitro* 

scope.) 

Gauge,  Battery,— A  form  of  portable  gal- 

vanometer*  suitable  for  ordinary  testing  work, 

A  form  of  battery  gauge  is  shown  in  Fig.  282. 


Fi^.  9S9.     Batifty  Gamg^. 

Gang  1^,  Electrometer —A  device  era- 
ployed  m  connection  v^ith  some  of  Sir  Wil- 
liam Thomson  s  electrometers  to  ascertain 
whether  the  needle,  connected  with  the  layer 
of  acid  that  acts  as  the  inner  coating  of  the 
Leyden  jar  used  in  connection  therewith,  is  at 
its  normal  potential. 

Gauge,  Wire,  American ^A  name 

sometimes  applied  to  the  Brown  5c  Sharpe 
Wire  Gauge.    (See  Gauges,  Wtre,  VarteUd 

Gaage,  Wlrc»  Blnii  Ingham A  lenn 

sometimes  applied  to  one  of  the  English  wire 
gauges. 

Gauge,  Wire,  Gap A  T^ire  gauge  in 

which  gaps  are  left  for  the  introduction  of  the 
wire  to  be  measured. 


Gau,] 
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Gauge,  WlretKicrometer- 


-A  gaugrc 


employed  for  accurately  measuring  the  di- 
ameter of  a  wire  in  thousandths  of  an  inch, 
based  on  the  principle  of  the  vernier  or  mi- 
crometer.    (See  Fig.  283.) 

The  wire  to  be  measured  19  placed  between  a 
fixed  support  B,  and  the  end  C,  of  a  long  mova- 
ble screw,  whicb  accurately  fits  a  llireaded  tube  a. 
A  thimble  D,  provided  with  a  milled  head,  fits 
over  the  screw  C,  and  is  attached  to  the  upper 
part*  The  lower  circumference  of  D^  is  divided 
into  a  scale  of  twenty  equal  parts.  The  tube  A,  is 
graduated  Into  divisions  cquai  to  the  pitch  of  the 
screw.  Every  fifth  of  these  divisions  is  marked 
as  a  larger  division. 

The  principle  of  the  operation  of  the  gauge  is 
as  follows;  Suppose  the  screw  has  fifty  threads  to 
the  inch^  the  pitch  of  the  screw,  or  the  distance 
between  two  contiguous  threadsi  is  therefore  ^^ 
or  .02  of  an  inch. 

One  complete  turn  of  the  screw  will,  therefore, 
advance  the  sleeve  D,  over  the  scale  a,  the  .02  of 
an  inch.  K  the  screw  is  only  moved  through 
one  of  the  twenty  parts  marked  on  the  end  of 
the  thimble  or  sleeve  parts,  or  the  ^^  of  a  com- 


plete turn,  the  end  C,  advances  towards  B,  the 

,V  of  ^. ».  ^,,  jTftnr  «>r  -^^  »"«^^' 

Suppose  now  a  wire  is  placed  between  B  and 
C,  and  the  screw  advanced  until  it  6urly  fills  the 


(_)» 


space  between  them,  and  the  reading  shows  t 
of  the  larger  divisions  on  the  scale  a,  thrcse  of  th^ 
smaller  ones  and  three  on  the  end  of  the  skeir^s 
D,  then 

Two  large  divisions  of  scale  a ,  =     .2      inc:"^ 

Three  smaller  divisions  of  scale  a,.  =     .06       *■  '^^  1 
Three  divisions  on  circular  scale 
on  D ...» , =     .003    "^   * 

Piameter  of  wire ..•••••.  #263 

Serious  inconvenience  ha«  arisen  in   practiK^  c 


NEW  LEGAL  STANT)ARD  WIRE  GAUGE  (ENGLISH). 
TabUs  of  Sis^s^  IVeights,  Lengths  and  Breaking  Strains  of  Iron  IVfre. 
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kem  ihe  numerous  arbitrary  numbers  of  aiies  of 

virca    employed    bf    diflTerent    manulkcturers. 

TlieM  differences  arc  gradually  leading  to  the 
^H^abandooment  of  arbitrary  sizes  for  wires  and  em. 
^^B|iIoying  in  place  thereof  the  diameters  directly  in 
^^mches  or  tboosandtfas  of  an  inch* 

^P    Oaiige,  Wire,  Eoimd ^A  device  for 

f       accurately  measuring  the  diameier  of  a  wire. 
The  round  wire  gauge  shown  in  Fig.  284  is 

Tcry  generally  used  for  telegraph  lines.     Notches 


^  FijT.  2S4.    Roumd  Wirt  Gau^. 

^KfDT  varying  widths,  cut  in  the  edges  of  a  circular 
P^ptate  of  tempered  steely  serve  to  approximately 
r*    measure  the  diameter  of  a  wire,  the  sides  of  the 

wire  being  passed  through  the  slots.     Numbers^ 

iibdicating  the  different  sizes  of    the  wire,  are 

affixed   to   each  of  the 

fspenings. 

ean^,  Wire,  Self- 

B^i^tsteiiiLg A 

^ine  gauge  arranged 
to  give  the  exact  di- 
ameter of  the  wire  to 
l>c  measured  directly 
without  calcuktion. 

A  form  of  self- register- 
.  Ing  wire  gauge  h  shown 
la  Fig.  285.  Tlie  wire 
or  plate  is  inserted  in  the 
^ip  between  a  fixed  and  J^f.  mSj.  ^irt* 
a    movable    plate.     Tlie  f^^f  C^Hgt. 

numbers  corresponding  to  the  diameter  of  the 
vire  or  ptate  are  shown  on  one  side  of  the  gauge 
and  the  gauge  numbers  on  the  other  %\^^. 


Gauge,  Wire,  Standard  — --*  *-A  wire 

gauge  adopted  by  the  National  Telephone 
Exchange  Association  at  Prondence,  R.  I., 
and  by  the  National  Electric  Light  As- 
sociation, at  Baltimore,  Md*,  in  February> 
1886. 

The  value  of  the  standard  as  compared  with 
the  other  gauges  will  be  seen  from  an  inspection 
of  the  table  in  this  column: 


Gauges,    Wire,  Tarletles*  af- 


-The 


following  table  gives  a  comparison  of   the 
principal  wire  gauges  in  use. 

CONfPARISON    OF  THE    DIFFERENT   WIRK 
GAUGES. 
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NUMBER,    DIAMETER,    WEIGHT,    LENGTH   AND  RESISTANCE   OF    PURE   COPPEK 

WIRE, 

Amgrican  CaHg€. 

Wdsht.  ^k  sr*  «  Ma^.           Length. 

Na 

90OO... 

Indus. 

1 

Gn.  per  ti. 

Lbs.  per  i.ooj 

Ft,  per  Ih. 
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H                Oaiissu— The  unit  of  intensity  of  magnetic      by  S.  P.  Thompson.     It  is  one  hundreil  tiaie^ 

^K            fields                                                                              greater  in  value  than  Thompson*!  gausi.. 

H                _                          ......                    Sir  William  Thomson  propoics,  for  the  valoe  «• 

■            "^'  't^T  nrt^    '^    ;      .I^rP"'"  f      produced  by  a  current  of  one  wcher  (»mp««)  u 
H             bang  that  of  a  field  whose  intensity  «  equal  to       ^^^  ^,^^^  ^^  ^^^  centimetr*. 

^H            sqiMre  centimetre.                                                         ,               .,.,j         .u..,. 

^a                                                                                     of  magnetK  field  as  is  able  to  de^-etop  on 

H              J.  A.  Fleming  prop***.  for  »'««»«'«=  f  *«      electromotive  force  of  one  voU  in  awireone 

■           gaus,.  such  strength  of  field  as  would  develop  an      ^.„,^,^  centimetres  in  length  moved  th«Pi«b 
^p             dectromotive   force  of  one   volt  in  a  wire  one        */*,,.*                *               ,^       ^         V^ 

■            miUion  centimetres  in  length,  moving  through       '^*=  ^^^  ^'^^  ""'^  ^^^^^^^^^^     (See  C^mss.) 

^^^    such  a  aeld  with  unit  vetecity .                                        OtttlM.  S.  P.  Thoilni»lHl'» ^S«idi  a 

^^^1     '  Fleming's  value  for  the  gauss  was  assumed  on      strcngrth  of  magnetic  field  thai  its  ifiteiisa()i 

^^^1    iccount  of  the  small  value  of  the  gauss  proposed      is  equal  to  lo^  C.  G,  S.  anils,     (See  Gams$,\ 
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AiQts,  Sir  William  Tboiofton's 

an  intensity  of  magneiic  Held  as  would  be 
produced  by  a  current  of  one  ampere  at  the 
ice  of  one  centimetre.     (Sec  GaMSt,) 

0«ls8ler  Mercurial  Ptiinp.— {See  I^ump, 

j'r.  Gassier,  Mercurial) 

er  Tubes.— (See  Tubes,  Geissier) 
ml   Fiiriidizatiou. — {See  Faradim- 

GnlTAiilsiitioiu— (See  Ge^anisa-^ 

-aL) 

fiMieratlon  af  Cnirent  by  Dynamo-Elec- 
'le  Hacblne, — (See  Current,  GeneratiOH  of^ 
pynamo^EUcfric  Machine) 

<^nenitor,  Dyiiaino- Electric An 

apparatus  in  which  electricity  is  produced  by 
le    mechanical    movement    of    conductors 
rough  a  magnetic  field  so  as  to  cut  the 
les  of  force, 
A  dynamo-electiic  machine.  (See  J/iir4/>i^» 

mo*  Electric) 
A  dynamo  electric  machine  operates  on  the 
;eneral  principles  of  electro-dynamic  induction. 
ictly  speaking,  however,  in  a  dynamo-electric 
^fenerator  the  conductors  arc  actually  moved 
through  the  lines  of  force.  In  this  respect,  there 
fore,  a  dynamo-electric  generator  diflers  from  a 
transforrner,  in  which  the  lines  of  force  are  moved 
through  the  conductor.  (See  InducH&n^  Eteetra^ 
Dymamk.      Drttns former.     Inatution^  Mutual,) 

Q^nerntor,  Motor A  dynamo-elec- 

ric  generator  in  which  the  power  required  to 
ve  the  dynamo  is  obtained  from  an  clec- 

curreni. 

Motor  generators  are  used  in  systems  of  elec- 
rical  distribution  for  the  purpose  of  changing 
he  potential  of  the  current.  They  consist  of 
iynam<Mi,  the  armatures  of  which  are  furnished 
two  separate  windings,  of  fine  and  coarse 
respectively.  One  of  these,  generally  the 
ifif  wire,  receives  the  driving  or  motor  cur- 
tnt,  usually  of  high  potential,  and  the  other, 
he  coarse  wire,  furniiba  the  current  used,  usu- 
Lly  of  low  potential. 

The  advantage  of  having  the  windings,  which 
ive  the  driving  current,  of  fine  wire,  is  to 
a  current  of  high  potential  to   he   dis- 
over  the  Une  from  distant  stations  to 


places  where  it  is  desired  to  use  the  energy  of  tho 
current  at  a  much  lower  potential. 

Motor  generators  often  consist  simply  of  two 
distinct  machines  mechanically  connected,  one 
acting  as  a  motor  and  the  other  as  a  dynamo. 

Motor  generators  are  sometimes  called  dynamo* 
motors  or  dynamotors. 

Aldrich  draws  the  following  distinctioii  between 
a  dynamo-motor  and  a  dynamotor : 

(I.)  A  dynamo- motor  is  an  energy  transfcrmer 
with  the  dynamo  and  motor  in  the  same  electric 
circuit. 

(2. )  A  dynamotor  is  an  energy  transformer  with 
the  dynamo  and  motor  in  the  same  magnetic  dr* 
cuit. 


r^ 


Ge&erttof,  Pyro-Mognetlo An  ap« 

paratus  for  producing  dcciricity  directly  from 
heat  derived  from  the  burning  o(  fuel. 
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The  opicfation  of  the  pyro-magnetic  generator 
is  (tepcudcnt  upon  the  feet  that  any  variation  in 
the  number  of  lines  of  magnetic  force  that  pass 
through  a  conductor  will  develop  di^crenccs  of 
electric  potential  therein.  Such  variations  may 
be  effected  either  by  varying  the  position  of  the 
conductor  as  regards  the  magnetic  field,  or  by 
varying  the  magnetic  field  itself.  The  latter 
method  of  generating  diff^erences  of  potential  is 
atilized  in  the  pyro- magnetic  generator,  and  is 
^ected  in  it  by  varying  the  magnetizatLon  of  roUs 
C»f  thin  iron  or  nickel  by  the  action  of  heat. 

A  form  of  pyro-magnetic  generator  devised  by 
Edison  is  shown  in  Figs.  286  and  287. 


Fig.  a8f»    Ediaem**  Pyr^-Magnttic  Gtnwrmior. 

This  apparatus  is  sometimes  called  a  pyro- 
magnetic  dynamo. 

Eight  electro  magnets  are  provided,  each  with 
ftn  armature  consisting  of  a  rolt  of  corrugated 
iron.  Each  of  these  armatures  is  provided  with 
a  coil  of  insulated  wire  wound  on  it  and  pro- 
tected by  asbestos  paper.  The  armatures  pass 
through  two  iron  discs  as  shown.  The  armature 
colls  are  connected  in  series  in  a  closed  circuit, 
the  wires  from  the  coils  being  connected  with 
metallic  brushes  that  rest  on  a  commutator  sup- 
ported on  a  vertical  axis.  A  pair  of  metallic 
rings  is  provided  above  the  commutator  to  carry 
oflf  the  current  generated. 

The  vertical  axis  is  provided  below  with  a  semi- 
circular screen  called  a  guard  plate  which  rotates 
with  the  axis  and  cuts  oil  or  screens  one  half  the 
iron  armatures  from  the  heated  air. 

When  the  axis  is  rotated,  the  difference  in  the 


magnetiasation  of  the  armatures,  when  hot  and 
cold,  develops  electromotive  forces  which  result 
in  the  production  of  an  electric  current. 

Oenc^rator,  Secondary — .\  term  fre- 
quently employed  for  a  converter  or  Inui^ 

former. 
The  word  transformer  is  now  aimofit  utiiver- 

sally  employed.     (See  Transfornur.) 

Generator,  Watt A  term  sometimes 

employed  for  stating  the  power  in  v^ratts  that 
any  electric  source  is  capable  of  producing. 

Estimating  the  power  of  a  dynamo-electric 
machine  by  the  number  of  watts  it  is  capable  ot 
producing  is  very  convenient  in  practice,  and  Is 
now  very  generally  adopted.  A  dynamo  capable 
of  furnishing  a  difference  of  potential  of  t,ooo 
voltSj  and  a  current  of  10  amperes,  would  be  said 
to  be  a  10,000  watt-generator. 

The  term  watt-generator,  though  applicable  to 
the  case  of  any  electric  source,  is  in  practice 
generally  limited  to  the  case  of  dynamo-dectric 
machines  or  secondary  batteries, 

©eneratorp,  Motor,  Dktribation  of  Eleo- 
trlcltj  by  — (See  Electricity^  District' 

Hon  of,  by  Motor  Generators.) 

Oeogriiphieal  Bistribntion  of  Thunder 
Storms,— (See  Storms,  Thund^,  Gtt^aph- 
ical  Distribution  0/.) 

Geographical     Equator-— (See    Equator, 

Geographicat.) 

Geographical  Meridiati.— (See  Meridian, 

Geograph  it  a  I.) 

German  Silver  Alloy*— (See  Alloy,  Ger- 
man Silver,) 

Gilding,  Electric The  electrolytic 

deposition  of  gold  on  any  object. 

Electro-plating  with  gold,  (Sec  Plaliti^, 
Electro.) 

The  surfaces  of  the  object  to  be  gilded  ate 
made  electrically  conducting,  if  not  already  s»« 
and  arc  then  connected  to  ihe  negative  terminil 
of  a  voltaic  cell  or  other  source,  and  immened  in 
a  plating  bath  containing  a  solution  of  a  salt  oi 
gold,  directly  opposite  a  pUte  oi  gold,  connected 
with  the  positive  terminal  of  the  source.  The 
objects  to  be  plated  thus  become  the  kathode,  and 
the  plate  of  gold  the  anode  of  the  pladng  bath. 
On  the  passage  of  a  suitable  current,  the  gold  ti 
dissolved  from  the  pJate  at  the  anode  and  depositnd 
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on  tbe  object  zt  the  kathode.     (See  SatA,  Gold, 

Gilt  Plumbago.— (S^  Plumbagi^,  Gilt) 

OinbftlSL — Concentric  rings  of  brass,  sus- 
pended on  pivots  in  a  compass  box,  and  on 
which  the  compass  card  is  supported  so  as  to 
enable  it  to  remain  horizoulaJ  notwithstand- 
ing the  movements  of  the  ship.  (See  Com- 
^ass,  AstmuiA.) 

Each  fing  b  suspended  on  two  pivots  placed 
directlj  opposite  each  other*  that  is,  at  the  ends 
of  a  diameter,  which  in  one  ring  is  at  right  angles 
to  that  in  the  other. 

Girder  Armalare.— (Sec  Armature,  Gir- 

Globe,   V^apor,   of   Incandescent   Lamp 

"— ^ A  glass  globe  surrounding  the  cham- 
ber of  an  incandescent  electric  lamp,  for  the 
pofpoae  of  enabling  the  lamp  to  be  safely 
used  in  an  explosive  atmospherci  or  lo  permit 
the  lamp  lo  be  exposed  in  places  where  water 
is  liable  to  fall  on  it. 

Soch  a  vapor  globe  is  shown  in  Fig.  28S.  In 
tbe  eftssX  of  accidental  breakage  of  the  outside 
globe;,  the  lamp  chamber 
proper  prevents  the  igni- 
tioQ  of  the  explosive 
gisei.  In  such  ca9cs> 
however,  the  outer  pro* 
tecting  chamber  should 
be  promptly  replaced. 

In  some  forms  of  vapor 
fiobes,  a  valve  is  pro- 
ved* opening  outwards. 
In  order  to  permit  the  ex. 
paiaded  air  to  escape 
^ben  a  given  pressure  is 

'levdiedf  and  yet,  at  the 

Aauiic  time,  to  prevent  the 

«»*trmtK:c  of  gas  or  vapor 

^s^c-^m  without. 

Glow    Dbicbariyre.— 
(Sec  Diicharg€\  G/aw,} 

Glow  l>amp.— (See  Lamp,  Electric  Glow:) 
Gold  Bath.— (See  Baih^  Geld.) 
Gold-Leaf    EleGtroMope.— (See   EUctro- 
^r<^,  Gold-Leaf :\ 

Gold-Plating.-(See  Plating,  Geld) 
Ota^.  Electro  Mecban  teal --A  gong 


/V  *8^      y»p9r  Gi0b€, 


struck  or  operated  by  mechanical  force  at 
limes  which  are  dependent  on  the  passage  of 
an  electric  current. 

The  motive  power  is  the  mechanical  force  de- 
veloped by  a  bent  spring,  the  fall  of  a  weight, 
etc.,  and,  by  suitable  mechanism,  is  permitted  to 
act  only  on  the  passage  of  an  electric  current. 

Goremor,  Ceutrlfajal A  device  for 

maintaining  constant  the  speed  of  a  steam 
engine  or  other  prime  mover,  despite  sudden 
changes  in  the  load  or  work. 

In  a  boll  governor,  any  increase  in  speed 
causes  the  balls  to  By  out  from  the  centre  of  rota- 
tion by  centrifugal  force.  This  motion  is  utilized 
to  control  a  valve  or  other  regulating  device.  If 
the  speed  of  the  engine  fa,lls,  the  balls  move 
towards  the  centre,  shifting  the  valve  or  regulat- 
ing device  in  the  oppodte  direction. 

Governor,  Corrent A  current  regu- 
lator. 

A  device  for  maintaining  constant  the  cur- 
rent strength  in  any  circuit. 

Current  governors  are  cither  automatic  or  non- 
automatic.     (Sec  Regulation^  Automatic.) 

Governor,  Electric *— A  device    for 

electrically  controlling  tbe  speed  of  a  steam 
engine,  the  direction  of  current  in  a  plating 
bath,  the  speed  of  an  electric  motor,  the  re- 
sistance of  an  electric  circuit,  the  flow  of 
water  or  gas  into  or  from  a  containing  vessel, 
or  for  other  similar  purposes. 

The  particular  form  assumed  by  the  apparatus 
varies  with  thecharacterofthe  work  it  is  intended 
to  accomplish.  In  some  cases  an  ordinary  ball 
or  centrifugal  governor  is  employed  lo  open  or 
close  a  circuit;  or,  a  mass  of  mercury  in  a  rotat- 
ing  vessel  is  caused,  at  a  certain  speed,  to  open  or 
close  a  circuit;  or,  the  resistance  of  a  bundle  of 
carbon  discs  is  caused  lo  vary,  either  by  pressure 
produced  by  centrifugal  force,  or  by  the  move- 
ment of  an  armature. 

Gorernor,  Ferlodle —A  name  ap- 
plied by  A)Tton  &  Perry  to  a  form  of  gover- 
nor for  an  electric  motor,  in  which  the  cur- 
rent is  automatically  cut  out  for  a  certain 
portion  of  each  revolution. 

dovemor.    Spasmodic A    name 

given  by  Ayrton  &  Perry  to  a  form  of  gover- 
nor for  an  electric  motor,  in  which  the  cur- 
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rent  is  automatically  cut  off  ia  proporlton  as 
the  work  is  cut  oH, 

The  spasmodic  governor  consists  essentially  of  a 
cone  dipping  into  th«  surface  of  mercury  in  a  rotat* 
ing  vessel.  As  the  speed  of  the  governor  increases 
on  a  lightening  of  the  load,  tJie  surface  of  the  mer- 
cury is  curved  by  the  increased  centrifugal  force, 
until  finally  the  mercury  leaves  the  contact  point 
and  thus  cuts  olT  the  current. 

Governor,  Steftiu,  EkH»tric — A  de- 
vice used  in  connection  with  a  valve  to  so 
electrically  regulate  the  supply  of  steam  to  an 
engine,  that  the  engine  shall  be  driven  at 
such  a  speed  as  will  maintain  either  a  con- 
stant current  or  a  constant  potential. 

In  the  electric  governor,  the  steam  valve  is 
operated  by  an  electro- magnet,  whose  coils,  in 
the  case  of  a  constant  current  machine,  are  of 
thick  wire  placed  in  the  main  circuit,  and>  in 
that  of  a  constant  potential  machine,  are  of  thin 
wire  placed  in  a  shunt  around  the  mains. 

Qrndiiatoi^. — Devices,  generally  electro- 
magnetic, employed  in  systems, of  simultane- 
ous telegraphic  and  telephonic  transuiission 
over  the  same  wire,  so  inserted  in  the  line  cir- 
cuit as  to  obtain  the  makes  and  breaks  re- 
quired in  a  system  of  telegraphic  communi- 
cation so  gradually  that  they  fail  to  sensibly 
influence  the  diaphragm  of  a  telephone  placed 
in  the  same  circuit. 

Gramme. — A  unit  of  weight  equal  to 
1543235  grains. 

The  gramme  is  equal  to  the  weight  of  one  cubic 
centimetre  of  pure  water  at  the  temperature  of  its 
maximum  density.  It  has  various  multiples  and 
decimal  divisions— of  ttie  former,  the  kilogramme 
or  one  thousand  grammes  is  the  most  frequently 
used;  of  the  latter,  the  centigramme  or  the  one- 
hundredth  of  a  gramme,  and  the  milligramme  or 
the  one- thousandth  of  a  gramme.  (Sec  IVeighls 
and  Measures^  Metric  System  <i/.) 

Gramme  Atom.— (See  Atom^  Gramme:^ 

Gramme  Mulecnle. — (See  MoUcuie^ 
Gramme^ 

Gramophone, — An  apparatus  for  record- 
ing and  reproducing  articulate  speech.  (See 
Phonograph.) 

Gramophone  Eeeordt— (See  Rec^rd^ 
Cramopkottt*) 


Graphite.— A  soft  variety  of  carbon  suit- 
able for  writing  on  paper  or  similar  surfac^^ 

Graphite  is  the  material  that  is  enplojed  for 

the  so-called  black  lead  of  lead  pencils.  It  is 
sometimes  called  plumbago.  Strictly  speaking, 
the  term  graphite  is  only  applicable  to  the  iranety 
of  plumbago  suitable  for  use  in  lead  pencils. 

Graphite  is  used  for  reoderiog  surikcet  to  be 
electro-plated,  electrically  conducting,  and  aba  for 
the  brushes  of  dynamos  and  motors.  Far  the 
latter  purpose  it  pos^sses  the  additional  advantage 
of  decreasing  the  friction  by  means  of  its  majked 
lubricating  properties. 

Grapliophone^  Micro A  modifica- 
tion of  the  phonograph  in  which,  instead  of  a 
single  diaphragm,  a  number  of  separate  rwu- 
metallic  diaphragms  are  caused  to  act  on  2 
single  diaphragm  to  record  the  speech,  so  thai 
the  separate  diaphragms  can  be  thrown  into 
strong  \ibratioa  when  reproducing  the  speech* 

Gra{>liopli0ifee,  Fhono^raph A  tenn 

sometimes  applied  to  the  graphophone.  (See 
Grapkophonc,  Micro.     Pfuinographi) 

<lr«|»hi>pJi4Mio     li9«oi4L— <Seo      Ri 
Grapkopkon^.) 

Orai*&  HwnMMilo  Tetofraf^lc  Analyvf^ 
— (See  AmafyM^t  Grays  Harmonic  />//- 
graphic.) 

Gray's  E^mo&ic  Telegraphy.— ^ Sec  I^ 
Ifgraphy^  Grays  Harmonic  MultipU.) 

Oravitttllt^tt. — A  name  applied  to  the  force 
which  causes  masses  of  m.nitr  tn  tend  lo 
move  towards  one  another. 

This  motion  is  assumed  to  t)c  that  of  attraction, 
that  is,  the  bodies  arc  assumed  to  be  drawn  to- 
gether. It  is  not  impossible,  however,  thai  Ihejr 
may  be  pushed  together. 

Gravitalicm,  Uke  electricity,  is  well  known,  » 
far  as  its  effects  are  concerned;  but,  as  to  tlie  true 
cause  of  either,  particularly  the  former^  we  aic  in 
comparative  ignorance. 

The  general  facts  of  gravitation  may  be  siifr- 
cinctt^  stated  by  the  following  law«  geottaJly 
known  as  Newton's  law. 

Every  particle  of  matter  in  the  uaiverse  k  al» 
tracted  by  every  other  particle  of  matter,  aad 
itself  attracts  every  other  particle  of  matter,  wiHh 
a  force  which  is  directly  proportional  to  the  pco- 
duct  of  Ihe  mafwffw  of  the  two  quantitie*  of 
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ad  inversdjr  i^ropoitional  to  the  square  of  the 
ce  between  them, 

6raTitf  Xmmf^ier,^{Sct  Ammef^,  Grav- 
'.) 

Grmt itjr.  Centre  of The  centre  of 

reiigiiv  oi  a  body. 

Bodkt  supported  at  their  centres  of  gravity  are 
in  eqiuUhrium,  «ncc  their  weight  is  then  cYcnly 
_4i»tnb«tod  aroiind  the  point  of  support. 

GriiTltjr-Drop    Arniiinc tutor, —(See    An- 
^iatof\  Gravity- Drop,) 

iYitj.    Toltaic    Cell (See    CV//. 

^^aliatCt  Gravity,) 

©rm^lty  Voltmeter.— (Sec  VoHmeter, 
7raviiy.) 

Oreat  Calorle.^See  Calorie,  Great.) 

Urenet  Voltaic  CeU.— (Sec  Celt,  V&ltaic, 

Iremt.) 

6rid. — A  lead  plate,  provided  with  perfor- 
ations, or  other  irregularities  of  surface,  and 
employed  in  storage  cells  for  the  support  of 
the  active  material. 

The  support  provided  for  the  acliv^c  material 
on  ihc  plate  of  a  secondary  or  storage  cell. 

The  grid  receives  its  n^mc  from  its  resembbuicc 
lo  a  gridiron.  The  active  material  is  generally 
ntattitained  on  the  grid  by  means  of  variously 
apertures  or  boles.     These  are  generally 

gcr  near  the  centre,  90  as  to  prevent  the  falling 
ut  ol  the  material  after  it  has  been  hardened  by 
conpression.     (See  6V//,  Seeondary,     C^il^  Stor* 

Various  forms  hare  been  given  to  the  grid. 
^  object  of  these  forms,  in  general,    is  to  in- 
ure the  retention  of  the  active  material  by  the 
rid. 

The  grids  are  preferably  suspended  &om  suit- 
ihle  supports  fastened  to  the  top  of  the  battery 
instead  of  resting  on  the  bottom  of  the  bat. 

Crip,  CaMe  ^^^  — A  grip  provided  for 
eiring  the  end  of  a  cable  when  it  is  to  be 
drawn  into  a  duct  or  conduit. 

OroTe*s  Teltalc  Celt— (See  Cell,  Valtaic, 
Gr&veJ) 

HjpoUiesl&^CSee  Hypathesis, 


Oroand  Clroalt— (See  Circuit,  Gr<nmd,\ 

Ground  D«teetor.'(  See  Ditutmr, 
Ground^ 

Ground  or  Earth,-- A  general    term   for 
the  earth  when  employed  as  a  conductor,  or^ 
as  a  large  rescn'oir  of  electricity. 

The  term  ground  is  also  applied  to  a  fault 
caused  by  an  accidental  and  undcsircd  connection 
l^etwcen  an  dectric  circuit,  line  or  apparatus  and 
the  ground.     (See  FaaU,) 

(itroiiJid  Plate  of  lii^litnini^  Protee« 
tor — (Sec  Plate,    Orotund,    of  Lightning 

Protector^ 

Gronnd-Return.— A  general  term  used 
to  indicate  the  use  of  the  ground  or  earth 
for  a  part  of  an  electric  circuit. 

The  earth  or  ground  which  forms  part  of 
the  return  path  of  an  electric  circuit. 

The  ground-return  is  generally  used  in  the 
Morse  system  of  telegraphy  as  practiced  in  the 
United  States. 

Ground-Wire.— The  wire  or  conductor 
leading  to  or  connecting  with  the  ground  or 
earth  in  a  grounded  circuit. 

This  is  sometimcit  called  an  earth-grounded 
wire. 

A  circuit  is  grounded  when  it  is  completed  in 
part  by  the  ground  or  earth. 

Grounded      Circuit, -(See       Circuit. 

Groundt^d,) 

Growtti  or  Expansion  of  Lines  or  Force, 

— ^(See  Farce,  Lines  o/t  Growth  or  Expan^ 
sion  of.) 


Guard,  Fan 


-A  wire  netting  placed 


around  the  fan  of  an  electric  motor  for  the 
purpose  of  preventing  its  revolving  arms 
from  striking  external  objects. 

Guard,  Ll^htntn^  — A  term  some- 
times   used  for  lightning  n»d«     (See  Raid. 

Lightning.) 

Guard*  Trann^former,  Ltglitnlii^  *— '  — 
A  transfonncr  lightning  arrester.  (Sec  Ar» 
resier,  Lightning,  Transformer^ 


Oua.] 


262 


[Hal. 


Qaard,  Wire  Shade A  guard  of 

wire  netting  provided  for  the  protection  of  a 
shade. 

A  form  of  wire  shade  is  shown  in  Fig.  289. 


Ft'r  fSQ,     U^ffv  Skad*  Guard. 

Qntta-PercUa.— A  resinous  gum  oblained 
from  a  tropical  tree,  and  valuable  electrically 
for  its  high  insulating  powers. 

Gutta-percha  readily  softens  by  heat^  but  on 


cooling  becomes  hard  and  tough.  Unlike  India, 
rubber,  it  possesses  but  little  elasticity.  Iti 
spedlic  inductive  capacity  is  4.2,  that  of  airbetnf^ 
I,  and  of  vulcanised  rubber,  2.94.  (Sec  Capacity, 
Specific  Inductive, \ 

Gutta-percha  is  obtained  largely  &om  the  East 
Indies,  from  a  tree  which  yields  a  brownish  gum. 
It  is  a  fibrous  and  tenacious  substance  wiih  but 
little  flexibility,  and  is  unaffected  by  acids.  Oils 
produce  less  effect  upon  it  than  on  India-rubber, 

Gutta-percha  is  one  of  the  best  insulating  mate- 
rials known  for  sub-aqueous  cables. 

GyuiuatDs  Electric  us,— The  electric  ecL 
(See  Eel,  Electric:) 

Gyrometer.— A  speed  indicator.    (See  /«• 

dicator.  Speed,) 


H. — A  contraction  for  the  horizontal  inten- 
sity of  the  earth's  magnetism. 

H. — A  contraction  proposed  for  one  unit 
of  self-induction. 

H. — A  contraction  ijsed  in  mathematical 
UTitings  for  the  magnetizing  force  that  exists 
at  any  point,  or,  generally,  for  the  intensity  of 
the  magnetic  force. 

The  letter  H,  when  used  in  mathematical 
writings  or  formuke  for  the  intensity  of  the 
magnetic  force,  is  always  represented  in  bold  or 
heavy  faced  type,  thus  :  Hi 

H-Armatiire    €ore*^(S€e    Care,    Arma- 
lure,  //.) 
Hall»  Assunifid  Electric  Origin  of --^ 

A  hypothesis,  now  generally  rejected,  framed 
to  explain  the  origin  of  the  alternate  coatings 
of  ice  and  snow  in  a  hail  stone,  by  the  alter- 
nate electric  attractions  and  repulsions  of 
the  stones  between  neighboring,  oppositely 
charged,  snow  and  rain  clouds. 

It  is  now  generally  recognlied  that  the  electric 
manifesUtions  attending  hail  storms  are  the 
ffecis  and  not  the  causes  of  the  hail,  (See  Para- 
Srlirs.) 

llair>  Electrolytic  Hemofal  of 

The  permanent  removal  of  hair  from  any  part 


of  the  body,  by  the  electrolytic  destrucliots  of 
the  hair  follicles. 

A  platinum  negative  electrode  is  inserted  in  the 
hair  follicle  and  the  positive  electrode,  covered  with 
moist  sponge  or  cotton,  ts  held  in  the  hand  of  the 
patient.  A  current  of  from  two  to  four  milli^am- 
peres  from  a  battery  of  from  eight  to  ten  Le- 
clanche  elements  \^  then  passed  for  from  ten  to 
thirty  seconds.  A  few  bubbles  of  gas  appear, 
and  the  hairs  are  then  removed  from  the  folUdes 
by  a  pair  of  forceps*     (See  MilH- Ampere  ) 

When  the  work  is  properly  done  there  is  no 
destruction  of  the  skin  and  therefore  no  marks  or 
scars. 

In  the  removal  of  hair  from  the  face,  It  is  pref- 
crable  that  the  current  should  slowly  reach  its 
maximum  strength, 

Half-Shades    for   In  can  descent    Lamps. 

— S  n*  es  for  incandescent  electric  lamps,  in 
which  one-half  of  the  lamp  chamber  proj)er 
is  covered  with  a  coating  of  silver,  or  other 
reflecting  surface  for  reflecting  the  light,  or  is 
ground  for  the  purpose  of  diffusing  the  lights 
The  half-shade  is  applicable  to  cases  where  it 
is  desired  to  throw  out  the  light,  not  in  all  direc- 
tions>  but  on  one  side  only  of  any  plane.  Some- 
times the  dividing  plane  is  taken  parallel  to  the 
length  of  the  incandesdog  filament  and  sometfaiei 
at  right  angles  to  it.    When  the  lamp  ^ 
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itlun  a  surrotindiiig  globe  the  reflcctiiig  surface 
y  be  pbccd  on  this  globe  mstead  of  on  the 
tp  chamber. 

H«11  EiTeet— (See  Effect,  HalL) 

tHidleyan  Lines,— (See  Z/^^-j.  Halleyan?^ 
HAlplne-Sariige  Tarpedo,— (Sec  Torpedo, 
{alpine^  Savage.) 
Hiuiittiole  of  Conduit— A  box  or  opening 
ommunicating  with  an  yndergrotind  cable, 
rovidcd  for  readily  tapping  the  cable*  and 
of  sufficient  size  to  permit  of  the  introduction 
of  the  hand. 
iIand*Ll^hting  Ar^and  £le€tHc  Bnrner. 
^^— (Sec    Burner,  Argand  EUctric,  Hand- 
^JJgkUr) 

Uaad  li^litiiiff  Electric  Burner, — (Sec 
Brnm^r,  Hand-Lighting  Electric) 

H  a  n  d  *  R  e  ^nlatiom—C  See  Regulation, 
Hmnd.) 

Hand'Regnlator. — (See  Regulator ^ 
Hand.) 

IBttifVr-Board.— (See  Board,  Hanger) 
BiJifer,  Cable A  hanger  or  hook 
itably  secured  to  the  cable  and  designed  lo 
Mstain   the    weight 
of    the     cable     by 
intermediately    sup- 
porting it  on  iron  or 
stcd    wirc3    strung 
above  the  cable, 

A  cable  hanger  or 
«3ible  dip  15  shown  in 
F!g.  S90.  The  mode 
oi  supporting  the  cable 
C,  by  the  hanger  hook 
H,  will  be  readily  un- 
derstood from  an  in- 
•pection  of  the  figure,     ^"if'**    C^"-^"- 

The  freight  per  foot  of  an  aerial  cable  is  gener* 
ally  00  great  that  the  poles  or  supports  would  re- 
qnifeto  be  very  near  together,  unless  the  device 
«if  iiitenniediate  supports^  by  means  of  cable  clips 
er  hangers,  were  adopted. 

Hmager,  Double-CarTe  Trolley A 

liolley  hanger  generally  employed  at  the  ends 
fif  single  and  double  cur\'es,  and  on  inter- 
mediate points  on  double  track  curves,  sup- 
ported by  lateral  strain  in  opposite  directions. 


Hanger,  Slngle-Cnrre  Trolley A 

trolley  hanger  supported  on  a  single  track 
curve,  except  at  the  ends  and  on  the  inside 
curve  of  a  double  track  line,  by  lateral  strain 
in  one  direction* 

—A 


Hanger,  Strai git t- Line  Trolley 


trolley  hanger  on  a  straight  trolley  line  suit- 
ably supported  by  a  span  wire  so  as  to  have 
a  vertical  strain  only. 

Hanger,  Trolley  — -A  device  for  sup- 
porting and  properly  insulating  trolley  wires. 

Hard-Drawn  Cap|>er  Wlre,^Sec  IVin^ 
Copper,  Hard-Drawn.) 

Hurmonle  Reccl¥er.^(See  Receiver,  Har^ 
monii\) 

Harmonic  Telegraphy.— (See  Telegraphy, 
Gray's  Harmonic  Multiple.) 

Head  Bath,  Electric (Sec    Bath, 

Had,  Electric) 

ilead  Breeze,  Electn^-Therapentic 

(See  Breese,  Head,  Electro-  Therapeutic) 

Head  Light,  L(KN>nioti¥e,  Electric 


An  electric  light  placed  in  the  focus  of  a  par- 
abolic reflector  in  front  of  a  locomotive  engine. 
The  lamp  is  so  placed  that  its  voltaic  arc  is  a 
little  out  of  the  focus  of  the  reflector,  so  that,  by 
giving  a  slight  divergence  to  the  reflected  light, 
the  illumination  extends  a  short  distance  on  either 
side  of  the  tracks. 

Heat, — A  form  of  energy. 

The  phenomena  of  heat  are  due  to  a  vibratory 
motion  impressed  on  the  molecules  of  matter  by 
the  action  of  some  form  of  energy. 

Heat  in  a  body  is  due  to  the  vibrations  or 
oscillations  of  its  molecules.  Heat  Is  transmitted 
through  space  by  means  of  a  wave  motion  in  the 
univcraal  ether.  This  wave  motion  is  the  same 
as  that  causing  light. 

A  hot  body  loses  its  heat  by  producing  a  wave 
motion  in  the  surrounding  ether.  This  process 
is  called  radiatiof*.     (St»e  RaMaiion) 

The  energy  given  off  by  a  heated  body  cooling 
is  called  radiant  energy. 

Radiant  energy  is  transmitted  by  means  of 
ether  waves;  it  is  of  two  kinds,  viz.i 

(I.)  Obscure  Heat^  or  heat  which  does  not 
a0cct  the  eye,  although  it  can  impresB  a  photo* 
graphic  image  on  a  sufHciently  sensitive  photo 
graphic  plate. 
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(2, )  Lumifwus  Heaty  or  he&t  whkh  accompanies 
Ught     (Sec  Etiergy^  RiidiaMi,) 

Heat  is  a^nductcd,  or  traosmitted  through 
bodies,  with  diilerent  degrees  of  readiaess. 

Some  bodies  aro  good  conductors  of  heat* 
others  are  poor  cooductors. 

Heat  IS  transmitted  through  liquids  by  means 
of  currents  occasioned  by  differences  in  density 
caused  by  differences  of  temperature.  These 
currents  are  calJed  cotwecUpn  atrrents. 

Heat  is  measured  as  to  iU  relative  degree  of  in- 
iensiiy  by  the  thermometer^  It  is  measured  as  to 
it^  a  mo  Htit  or  quaniiiy  hy  \ht  catorimittr*  (See 
Thermometer^  E! a  trie.      Calorimeter,) 

The  heat  unit  most  commonly  employed  is, 
perhaps,  the  ealorie^  or  the  amount  of  heat  re- 
quired to  raise  odc  gramme  of  water  one  degree 
ceoli  grade. 

Another  heat  umt,  very  generally  employed  in 
the  United  States  and  England,  is  the  quantity  of 
heat  required  to  raise  one  pound  of  water  one  de- 
gree Fahrenheit.  This  is  called  the  English  heat 
unit  (See  Calorie.  Units,  Heat.  Joule.  Volt- 
Coulomb.) 

Heat,  Abflorptinn  and  Oeneration  of,  iit 

Toltaic  Cell The  heat  effects  which 

attextd  the  action  of  a  voltaic  cell 

The'  chemical  action  of  the  exciting  tiquid  or 
electrolyte  on  the  positive  plate  or  clement  of  a 
voltaic  celli  tike  all  cases  of  chemical  combination^ 
is  attended  by  a  development  of  heat* 

Whenj  however,  the  circuit  of  the  cell  is  closed, 
the  energy  liberated  during  the  chemical  combi- 
nation  appears  as  electricity,  which  develops  heat 
in  all  parts  of  the  circuit.  (See  Neat^  hlectric* 
Cell,   Voltaic.) 

Ilea*,  Atomic  ^—  ^-  A  constant  product 

obtained  by  multiplying  the  specific  heat  of 
an  elementary  substance  by  its  atomic nueight* 
(Sec   Weight,  Atomic) 

Dulong  and  Petit  have  discovered  the  remark- 
able fact  that  the  product  of  the  specific  heat  of 
all  elementary  substances  by  their  atomic  weights 
is  nearly  the  same.  The  product  is  called  the 
atomic  heat^  and  is  about  equal  to  6,4. 

Dulong  and  Petit' s  law  may  be  stated  as  fol- 
ows,  viz.:  All  elementary  atoms  require  the  tame 
quatUity  of  heat  to  heat  them  to  the  same  numker 
of  degrees* 

The  atomic  heat  of  any  body  divided  by  its 
tpeciBc  heat  (fives  its  atomic  weight. 


The  heat  imparted  to  any  body  polorois  l3ir« 
kinds  of  work,  viz , : 

(r.)  That  expended   in  extcmaJ  work, 
for  example,  as  tn  overcoming  ihe 
pressure. 

(2.)  That  expended  in  internal  work»  or  ifl 
overcoming  the  attractions  of  the  atoms  ajid  driv- 
ing them  apart. 

(3.)  That  expended  in  overcoming  the  temper* 
ature,  or  the  true  specific  heat,  or  hisat  encoded 
in  increasing  the  molecular  vis-viva. 

The  expenditure  of  energy  i&  greatest  in  the 
third  head.  The  exact  value  of  the  three  factors 
is  as  yet  unknown,  and  in  the  opinion  of  Weber 
and  others  the  correctness  of  Dutcmg  and  Petit' s 
law  cannot  5e  regarded  as  being  satisfactorily 
established. 

RegnauU  has  proved  that  Duloog  and  Petit's  Uiv 
is  true  for  compound  bodies,  i .  e,^  in  all  compound^ 
of  similar  composition  the  product  of  the  specific 
heat  by  the  total  chemical  equivalent  £>  constant. 

The  following  tabic  from  Anthony  and  Bracket 
illustrates  the  law  of  Dulong  and  Petit: 


Eleaicot*. 


Iron 

Copper.,. 
M"rrcury, 
Silver  ,,., 

triiia 

Tin 

L«4d 

Zinc...,.* 


Specific  Hut 
ofEqual  Weight. 

AtDoic 

Wci^. 

0.ti4 

S5.9 

^'^^^       ^  .. 

6j,i7 

0.OJ14  (Solid) 

»99f' 

O.OS7 

o.a?t9 

0.056 

»*7  7 

0,0314 

ao6.47 

o.ogss 

4*.9      1 

**Tbis  product- the  atomic  heat  of  elesiiaiti»  j 
the  molecular  heatof  com  pounds —has  the  follcnr- 
ing  physical  meaning:  Of  any  substaaoe  w 
atomic  or  molecular  weight  we  know,  we  nay 
take  a  number  of  grammes  numerically  equal  to 
the  atomic  or  molecular  weight;    for    eiiample. 
35.5  grammes  of  chlonne,  16  grammes  of  marsh 
gas;  we  may  call  such  quantity  the  gramme  atom  1 
or  the  gramme  molecule  of  the  substance.     The  j 
atomic  heat  or  the  molecular  heat  of  a  safastaooc 
is  the  number  of  calcnries  of  heat  neoesarf  la 
raise  the  temperature  of  a  gramme  atom  or  a 
gramme  molecule  of   the  substance  through   1 
degree  C. *' -(^^'«*>^^0 

Hejit.  Elactrio The  heat  developed 

by  the  passage  of  an  electric  cuirent  throtigfa 
a  conductor. 
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Hest  is  developed  by  the  passage  of  a  cuireiit 
gh  any  conductor,  do  matter  what  its  tcsUu 
ce  may  be, 

1£  the  conductor  is  of  coosiderablc  length,  and 
fgoodcoDdtictixig  power,  the  heit  developed  is 
not  very  sensfblCf  since  it  is  spread  over  a  consid- 
crablc  area,  and  is  rapidly  lost  by  radiafwn, 

H,  tbc  beat  generated  in  any  conductor  of  a 
f^risUnce  R,  by  the  passage  through  it  of  an  elec- 
tric current  C,  is  equal  to 
I  H::=C*  R,  in  watts. 

'    But  one  watt  =  .  24  smill  calorie  per  second. 

Theiefore,  the  heat  which  is  generated, 
K  H  =  C*  R  X  .24  calories  per  second. 

*    For  the  case  of  a  uniform  wire  of  circular  cross- 
section  the  resistance  R»  in  ohms  is  directly  pro- 
nal  to  the  length  1^  and  inversely  propor- 
[  to  the  area  of  cnQ«s*9ection  wt^,  or 

R  =  ji:;tl»l«.H  =  C.(lj). 

The  temperature  to  which  a  wire  of  a  given  re- 
11  raised,  will  of  course  vary  with  the 
of  the  wire,  its  radiating  surface,  and  its 
fie  heat  capacity.  If  the  same  number  of 
[  calories  are  generated  in  a  small  weight  of  a 
mductor,  whoie  radiating  surface  is  smalt,  the 
r  temperature  will  of  course  be  far  higher 
1  If  generated  in  a  larger  mass  provided  with 
much  greater  radiating  surface.  In  general, 
owev«r»  its  temperature  increaacs  as  the  square 
of  the  emrent  strength  when  the  resistance  is  con- 
ilaiit,  mntl  increases  as  the  resisUncc  ol  ihe  wire 
per  unit  of  length  is  greater. 

The  teraperamie  a  wire  acquires  by  the  passage 
of  a  current  through  it  varies  inversely  as  the 
ghM  power  of  ihe  radius.  If  two  wires  of  the 
wnemalenal  have  the  same  lengths,  but  different 
njdii,  the  temperature,  acquired  by  the  pas- 
sage  of  an  electric  current,  vnll  depend  on  the 
heat  developed  per  second,  less  that  radiated  per 

Hoood.     Sifioe  the  former  varies  as  —  ^  ^^^  ^^^ 

r' 

latter  as  r,  that  i^  as  T  X  2«r»  the  temperatures 

ittiined  vary  zs  L,  aod  not  is  J*  as  frequently 
r»  r» 

T^  carrent  required  to  raise  the  temperature 
of  ft  bare  copper  wire  a  given  number  of  degrees 
ihove  the  temperature  of  the  air  is  given  in  the 
laHowiDg  tabi<>  * 


BARE  COPPER  WIRES. 

CiUTvnt  required  to  tbCrvMo  th«  temp«ratttr«  c»f  a  topper 
wire  1*  C«atiKrmd«  stbova  the  iyrremidiag  oir^  tli« 
copper  Wirt  bdiif  bright  polished  or  hladnMd. 


Diameter  in 

-   ---        _    _— —     -.__        m    -^^ 

CiFiii(iu<T  iH  AMfamts. 

CeDtiinein!& 

And  Mil* 

(thous^xidths  of 

«»mch)< 

t«i»C. 

t-9-a 

t  ^  »$"  C. 

in*. 

MU», 

Bright 

eiack 

Brigbi 

Black 

Bright 

Black 

*t 
.1 

£ 

1.0 

t<4 

3-9 

1.1 

4i 

4.8 
»3-5 

6.0 

-5 

I3« 

I'* 

7» 

'S-3 

«!.« 

r. 

M*4 

«4 

160 

l».o 

j«.o 

2yt> 

3^*7 

S3« 

-.1 

!K» 

tt.i 

15.4 

3J.O 

75  6 
9*4 

53-5 

74. t 

It 

3«o 

'J* 

31-1 

43-4 

a.: 

97*4 
ISO 

'9 

350 

•<•■<> 

43  6 

79  ft 

tio 

i^ 

179 

I.O 

390 

P 

?3-3 

i»9 

til 

-ilO 

a.o 

At 

133 

^4 

tr\ 

43b 

593 

3.0 

164 

»»7 

?:? 

7«7 

»59* 

i-o 

1570 

J5* 

.It 

(OJS 

on 

»^S 

5.0 

19T0 

3S3 

tCHj 

H44 

i«^ 

;iu 

6.0 

aj6Q 

46J 

<H» 

4J7I 

^B9ti 

was 

7.0 

1760 

S«4 

Soft 

t7»« 

*39* 

^3     1 

3*8. 

8.0 

J150 

714 

QiJB 

31 10 

agjj 

J4«» 

^ 

9.0 
10.0 

3540 
J940 

997 

:;s2 

ajtg 
9950 

3486 
4084 

40I& 
47W 

34^4 
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.  -.J. 

»f»d  Mils 
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t      - 

^s>-  c. 

t  =  B*-'  C 

Cm, 

Mik 

Brtght. 

BUek. 

Brifht. 
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•  1 

40 

s* 

8.9 

T  9 

uo 

.9 

80 

'83 

»5.3 

W.4 

3i*« 

*3 

t90 

33.  s 

464 

4t.3 

57.» 

*4 

i«o 

5**7 

71.5 

87  1 

•1 

soo 
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1*3 

,6 

X 
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SI 

116 
M7 
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.9 
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% 

»t4 

i0 

1*0 
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»<H 

>5» 
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io6t 
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1303 

i^ 
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>Sm 
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X 
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4^:; 

&l 

f3 
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Heat,  THeetrk   ConT^tloii  of A 

term  employed  to  express  the  dtssjTnmetrical 
distribution  of  temperature  that  occurs  when  a 
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current  of  electricity  is  sent  through  a 
metallic  wire,  the  middle  of  which  is  main- 
tained at  a  constant  temperature,  and  the 
ends  ^t  the  temperature  of  melting  ice. 

The  distribution  of  heat  during  the  pas- 
sage of  a  current  through  an  unequally 
heated  conductor. 

If  the  central  portions  of  a  metallic  bar  are 
heated  the  curve  of  heat  distribution  is  sym- 
metrical. On  sending  an  electric  current  through 
the  wire  it  ts  heated  accoTding  to  Joule* a  law, 
and  the  curve  of  heat  distribution  is  still  sym- 
metrical. But  the  cuiTcnt  in  passing  from  the 
colder  to  the  hotter  parts  of  the  wire  produces 
an  additional  heating  effect  at  this  point,  and  in 
passing  from  the  warmer  to  the  colder  parts  of 
the  wire  produces  a  cooling  effect  (Sec  Effe€t^ 
Fehi$r.  Effect^  Tkamson,)  The  curve  of  heat 
distribution  is  then  no  longer  symmetrical.  The 
term  Electrical  CaHVccH&n  of  Hiat^  has  Ijcen 
given  to  the  dissymmetrical  distribution  of  heat 
so  effected. 

Sir  William  Thomson*  who  studied  these 
effects,  found  that  the  electrical  convection  of 
heat  in  copper  takes  place  in  the  opposite 
direction  to  that  in  iron;  that  is  to  say,  the  elec* 
trical  convection  of  heat  is  negative  in  iron»  (i.  e,y 
the  direction  is  opposite  to  that  of  the  current}, 
and  positive  in  copper. 

Heat,  Irreversible Heat  pro- 
duced in  a  homogeneous  conductor  by  the 
passage  of  electricity  through  it. 

This  heat,  according  to  Joule's  law,  is  propor- 
tional to  the  square  of  the  current,  and  is  produced 
no  matter  in  what  direction  the  current  is  pass- 
ing. In  this  respect  it  is  unlike  the  beat  pro- 
duced by  the  pasj^age  of  electricity  through  a 
heterogeneous  conductor,  in  which  case  heat  is 
developed  or  liberated  only  by  the  passage  of  the 
current  in  a  given  direction  :  on  the  passage  of  the 
current  in  the  opposite  direction,  heat  being 
absorbed  and  the  temperature  lowered.  (See 
Heaty  Rfvers%hieJ\ 

Heat  Lightning.— (See  Xjr^^/wV'^*^"'') 

Heat,  LiiniLnons A  variety  of  radi- 
ant energ}*  which  affects  the  eye,  as  light. 

Radiant  heat  and  light  are,  m  reality,  different 
effects  produced  by  one  and  the  same  cause^  viz,, 
by  vibrations  or  waves  in  the  universal  ether. 
In  general  the  waves  producing    heat   are  of 


greater  length  and  smaller  frequency  than  are 
those  producing  light. 

Heat,  Mechanical  EqniTalent  of — 

The  amount  of  mechanical  energy,  converted 
into  heat,  that  would  be  required  to  raise  the 
temperature  of  i  pound  of  water  i  degree 
Fahr. 

The  mechanical  equivalence  between  the 
amount  of  energy  expended  and  the  amount 
of  heal  produced,  as  measured  in  heat  units. 

Joule's  experiments,  the  results  of  which  arc 
generally  accepted,  gave  772  foot-pounds  as  the 
energy  equivalent  to  that  expended  in  raising  the 
temperature  of  I  pound  of  water  I  degree  Fahr. 

Hoat,  Molecular The  number  of 

calories  of  heat  required  to  raise  the  tempera- 
ture of  one  gramme-molecule  of  any  sub- 
stance I  degree  C*  (See  MoUcuk^  Gramme, 
Heat,  Alomt'c.) 

Ht^at,  Objiciire A  variety  of  radiant 

energy  which  does  not  effect  the  eye. 

Radiant  heat  is  sometimes  divided  into  lumi> 
nous  beat  and  obscure  heat.  (See  Neai^  Lmm* 
nous*) 

Heat,    Red --The    temperature    at 

which  a  body,  whose  temperature  is  gradually 
increasing,  l>egins  to  glow  or  to  emit  red  rays 
of  light. 

When  a  refractory  solid  body  is  gimduallj 
heated  to  incandescence,  the  red  waves  of  light 
are  first  emitted,  then  the  orange,  and  successively 
afterwards  the  yellow,  green,  blue.  Indigo  and 
violet,  when  the  body  emits  white  light  or  is 
white  hot. 

Hoat,  Reversible The  heat  pro- 
duced in  a  heterogeneous  conductor  by  the 
passage  through  it  of  an  electric  current  in  a 
certain  direction. 

Reversible  heat  is  produced  at  the  junction  of 
two  metals,  where  a  difference  of  potential  exists 
between  ihem,  or  where  their  heterogeoetty  is 
greatest.  It  is  called  reversible  tiecause  it  de- 
pends upon  the  direction  in  which  the  mrrent 
is  passing.  If  the  current  be  passed  in  a  certatn 
direction  across  the  junction,  heat  11  Uberated; 
while,  if  it  be  passed  in  the  opposite  difcctioo, 
heat  is  absorbed,  or  cold  results. 

Reversible  heat  effects  arc  seen  in  the  ] 
effect.     (See  Effect,  Peltier,) 
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Iflc — The  capacity  of  a 

cc  for  heat   as  compared    with    the 
^  of  an  equal  quantity  of  some  other 

pee  taken  as  unit>% 

v  is  generally  ta^kcn  as  the  standard  for 
ftsofi,  because  its  capacity  for  heat  is  greater 
lat  of  any  other  common  substance. 
Ircnt  quantities  of  heat  are  required  to 
le  temperature  of  a  given  weight  of  dif- 
iub^tances  through  t  degree.  The  spe- 
lts of  substances  are  generally  compared 
btcr  or  with  hydrogen,  the  capacity  of 
ilbstances  for  heat  being  very  great, 
inding  to  Dulong  and  Petti  t,  the  specific 
all  elementary  atoms  is  the  same-  For 
t,  the  heat  energy  uf  an  atom  of  hydrogen 
I  to  that  of  an  atom  of  oxygen,  but  since 
I  mass  of  hydrogen,  under  similar  condi- 
leinperaturc  and  pressure,  contains  sixteen 
I  many  atoms  as  an  equal  mass  of  oxygen, 
!«,  when  compared  weight  for  weight. 
In  has  a  specific  heat  sixteen  times  greater 
ftt  of  oxygen. 

il  gencrali  comparing   equal  weights,  the 
heat  of  an  elementary  substance  is  m- 
proportlonal  to  its  atomic  weight*     (Sec 
iUmu. ) 

\,  Hpcelflo,  iif  Eleitrkity {See 

iciiy,  specific  Heat  a/.) 

I  Unit — The  quantity  of  heat  required 
|e  a  given  weight  of  water  through 
p  degree. 

e  are  a  number  of  different   heat  units, 

|9t  important  are: 

The  British  Heat  Unit,  or  Thermal  Unit,  or 

ount  of  heat  required  to  raise    i  pound 

|f  I  degree  Fohr*     This  unit  represents  an 

tof  work  equal  to  772  foot  pounds. 

rhe  Greater  Calorie,  or  the  amount  of  heat 

I    to    raise    the     temperature    of    1,000 

fes  of  water  I  degree  C,     (See  Cahrie,) 

^he  Smaller  Calorie,  or  the  amount  of  heat 

1  to  raise  the  temperature  of  one  gramme 

Ir  s  degree  C. 

rhe  Joule,  or  the  quantity  of  heat  developed 

leoond  by  the  passage  of  a  current  of  one 

f through  a  resistance  of  one  ohm. 

w  equals  .0003407  large  calories. 

ie  equals  .2407  small  calories. 

Lpofuiul  equals  I.356  joules. 


t  pound  Centigrade  equals  1884.66  joules. 

1     *•  *•  '*       1389.6  foot  pounds. 

I      "       Fahrenheit      ■        1047,03  joules. 

Heat  Unit.  Eniplbh (See    Um'is, 

Heai.) 

Heat  Unit  or  Calorie.— (See  Calorie,) 

Heat  Unit  or  Joule.— (See /c^w/if,) 

Heat,  Whit©  ~  —The  temperature  at 
which  light  of  all  wave  lengths  from  the  red 
to  the  violet  is  emitted  from  a  heated  body^ 
and  the  body,  thcreforep  glows  with  a  white 
light. 

A  solid  substance  heated  to  white  incandescence 
emits  a  continuous  spectrum,  L  ^.»  a  spectrum  m 
which  all  the  wave  lengths  of  light  from  the  red 
to  tlie  violet  are  present. 

Heater,  Eleetrlc —A  device  for  the 

conversion  of  electricity  into  heat  for  purposes 
of  artificial  healing. 

Electric  heaters  consist  essentially  of  coils  or 
circuits  of  M)me  refractory  metal  through  which 
the  current  is  passed.  These  coils  or  circuits  are 
surrounded  by  air  or  finely  divided  solids,  and  are 
placed  inside  metallic  boxes  or  radiators,  which 
throw  off  or  radiate  the  heat  produced. 

When  employed  for  the  heating  of  liquids  the 
coils  arc  placed  directly  in  the  liquid  to  be 
healed,  or  arc  sunxiunded  by  radiating  boxes 
placed  in  the  liquid. 

Heating  Elfeets  of  Cnrrents. — (See  Cur^ 
rentSt  Heating  Effects  &f.} 

Hedgehog'  Traii§foriiior.—  (See  TranS' 
former.  Hedgehog.] 

Hecto-Amp^re One  hundred  am- 
peres. 

Heliograph.  '  An  instrument  for  tele- 
graphic communication  that  operates  by  cm* 
ploying  flashes  of  light  to  represent  the  dots 
and  dashes  of  the  Morse  alphabet,  or  the 
movements  of  the  needles  of  a  needle  tele- 
graph to  the  nght  or  the  left.  (Sec  Alphabet^ 
Telegraphic,) 

The  flashes  of  light  arc  thrown  from  the  sur. 
face  of  a  plane  mirror.  Motions  to  the  right  or 
left  may  be  employed  In  order  to  distinguish 
between  the  dots  and  dashes,  or  the  same  may  be 
effected  by  the  relative  durations  of  the  fiashes  of 
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light,   or  by   the  intervals    t^tween    successive 
flaihes. 

Telegraphic  commtinication  has  been  carried 
OQ  between  steamers  during  Ibggy  weath&r  by 
means  of  their  fog  horns;  or  between  locomotives 
by  their  steam  whistles « 

Helf^t,  Dextrorsal A  name  some- 
times applied  to  a  dextrorsal  solenoid.  (See 
Soienoid^  Dextrorsal.) 

The  magncttc  polarity  of  a  helix  or  solenoiJ 
depends  not  only  on  the  direction  in  which  Ihc 
cuncnt  is  passed^  but  also  on  the  direction  in 
which  the  wire  is  coiled  or  wound ,  (Sec  Magnft^ 
Eiectro,) 

Hetbt^  Stidstrorsal  - — ►  —A  name  some- 
times applied  to  a  sinistrorsal  solenoid.  (See 
Solenoid^  Sinistrorsal.) 

Hemihedral  Crystnl,— (Sec  Crystal,  Hem- 
ihedral.) 

IfMiry,  A The  practical  unit  of  self- 
induction. 

It  has  been  generally  agreed  in  the  United 
States  to  call  the  practical  unit  of  self-induction 
a  henry,  in  place  of  a  secohm  or  quadrant. 
The  name  henry  should  be  adopted,  not  only  by 
American  electricians,  but  also  by  those  of  other 
coimtries,  since  the  terms  secohm  or  quadrant 
are  contrary  to  the  generally  adopted  usage  of 
employing  for  such  the  names  of  distinguished 
electricians,  who  have  passed  from  their  labors* 

The  fact  that  of  all  discoverers  in  the  field  of  self* 
inittction,  none  possesses  so  great  a  claim  as  that  of 
Prot  Henry,  must  be  geneimtly  acknowledged. 
As  early  as  1832  he  published  in  SillimaH*t  Jour- 
nal vl  paper  in  which  he  described  experiments, 
showing  clearly  that  the  spark  obtained  by  break- 
ing the  current  of  a  battery,  in  which  along  wire 
was  iulerposed,  was  greater  than  when  a  short 
wire  was  employed,  and  that  this  increased  length 
of  spark  was  further  increased  by  coiling  the  wire, 
and  that  the  phenomena  were  ascribed  to  the  ac- 
tion of  the  current  on  itselL 

A  committee  of  the  American  Institute  of 
SiHtrical  Engineers,  after  careful  consideration, 
neommended  to  the  Institute  thai  the  value  of 
the  practical  unit  of  inductance  should  be  equal  to 
to*  C.  G.  S,  units  of  inductance,  usuodly  ex- 
pressed by  a  length  equal  to  one  earth  quadrant 
or  1,000,000,000  centimetres. 

The  value  of  the  practical  unit  of  inductance, 
or  the  "henry,"  may  in  some  cases  be  too  high  for 


convenience;  in  ioeh  cues  it  imy  be  expfe^ 
by  some  fractional  dimensibn^  such,  liir  eua^ 
as  milli  henry. 

IIoretilei4  8taiie.— (Sm  Siome,  Hemda,) 
Hermetical    HoaL— (See   S^al,  Hmuti. 
caL) 

Herti*ji  Theory  o«  Keetiicf ty.— (See  Bt;, 
irieiiy,  Herig*s  Theory  &/.) 

H<^tercMltati€. — A  term  appUcd  by  ,v 
William  Thomson  to  distinguish  a  fona  o{ 
electrometer  in  which  the  elcctrificaiMQ  u 
measured  by  detemuning  the  mutual  ia&^ 
ence  of  the  attraction  exerted  by  the  dwft 
to  be  measured  and  the  attraction  of  3H  a^ 
site  charge  imparted  to  the  instrument  bf  i 
source  independent  of  the  charge  to  be  nxB. 
ured. 

The  term  heterostatsc  distingui4h»  this  lirmui 
etecb^meter  from  an  idiofttatic  inttmiseot  (uroet 
in  which  the  measurement  is  e0ected  bydeto 
mining  the  repulsion  between  the  charge  ta  k 
measured  and  the  repulsion  of  a  charge  4  tk 
same  name,  1.  ^.,  positive  or  negstsve;  imputd 
to  the  instrument  fnjm  an  indcpentet  fsoot 
(Sec  Ekttr&metfT ,) 

Ulck's  Aulomatie  Btttton  ftepeat«r.- 
(Sec  Keptaters,  TeUgrapkic^) 

Ili^b'llarH. — A  term  applied  tothosecoav 
mutator  segments,  or  parts  of  commuUor 
segments,  which,  through  less  wear,  liully 
consiruciion  or  looseness,  are  higlicr  dun  id- 
joining  portions.   (Sec  C^mmutaltfr,) 

HlgrhPreqnency  Currents,  Electrtf  LtelU 

Injar  by (Sec   Lightinj^,  EL-drk^k 

High- Frequency  Curremis,) 

Hi^h  Resfstrmee  Magneto— {See  Mt^t 
High  Resistance?^ 

Illgrb  Speed  ElcctHe  Xotor.— (Stt  ^l^i- 

tor.  Electric,  High  Speed.) 

Hll^h  Tension  Electrie  PoMu^Stie  hu. 
Electric  High  Tensiim,) 

Hinging  of  Arc.— [See  Arc,  Ifisstff»f,\ 

Holder  fbr  Safety  Fuse, — A  boi  or  oifc» 
receptacle  of  refractory  material  (or  hoIffiBf 
a  safety  fuse,  and  catching  the  molten  mftal 
when  fused. 

The  holder  or  hiait  box  is  provided  to  prefeit*i»c 
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oh  en  metal  of  the  fuse  from  settiii^  fire  to  any 
[>mbustible   inatcritl   on  which  it  might  other- 

Holder^  Carbou,  f»r  Are  Lamps  ^ 

A  clutch  or  clamp  attached  to  the  end  of  the 
irnp  rod  or  other  support,  and  provided  to 
M  the  carbon  pencils  used  on  arc  lamps. 
Lamp,  Arc,  Eleciric.) 

Hdldm  for  Brushes  of  DjiiamiKElectric 

^liirhJtie* — A  device  for  holding  the  collect* 

B^  broshcs  of  a  dynamo-clcclric  machine* — 
cc  Machine,  Dynamo-Electric) 

Holct,  Armatore A  term  sometimes 

for  armature  bore  or  chamber.     (See 

B0r€,  Armature.) 
Hole,  Armature  Bore,  Elliptical 

An  irmature  bore  or  chamber  ellipsoidal  in 

shape. 
ftololiedral  Crystal.— (Sec  Crystal,  Holo^ 

h4draL) 
Uolt2  Machine,— (See  J/<ji:/«>>A  Holts.) 
flone  Station. — (See  Station,  Homf.) 
HoiDO^eneoiu    Cnrrent    Dlstrihatlon.— 
Current,  Homogeneous  Distribution  of.) 
Hood  for  Electric  Lamp.— A  hood  pro- 
dcd  for  the  double  purpose  of  protecting  the 


of  an  electric  lamp  from  rain  or  sun, 
land  for  throwing  rts  light  in  a  general  down> 
ITiMrd  direction. 

Hoods  for  arc  lamps  uc  generally  com::al  in 


A  form  of  hood   for  an  exposed  arc  lamp  is 
shown  in  Fig.  291. 

Horkonta!  Component  of  Eartli*^  Mag- 
netism.—  (See   Component,    Horizontal,  oj 

Earth's  Magnetism) 

Horns    Folhiiring,  of    Pole   Pieces  0I 

a    l>y n am o- Electric  Machine —The 

edges  or  terminals  of  the  pole  pieces  of  a  dy^ 
namo-electric  machine  towards  which  the 
armature  is  carried  during  its  rotation. 


Fiff  9^M.    HffrnM  ^  Dymmmw. 

According  lo  S.  P.  Thompson^  the  following 
horns,  b,  d,  Ftg,  292,  are  those  towardi  which 
llie  armature  \%  carried  ;  the  leading  honis»  a^  c, 
those  from  which  it  is  carried. 

As  the  change  in  the  m^ignetic  intensity  is  more 
sudden  when  the  armature  is  moved  from  the 
pole  pieces,  and  least  when  moved  towards  them, 
it  is  clear  that  the  leading  horns  in  a  dynamo - 
electric  machine,  and  the  following  horns  in  an 
electric  motor,  become  heated  during  rotation  by 
the  production  of  Foucault  currents.  (See  Cwr. 
rents ^  FoueaiUi,     Alachine^  Dynamo  Electric] 

Florns,  Leading,  of  Pole  Pleees  of  a  Dy- 

niiUH>-Electric    Macliine The  edges 

or  terminals  of  the  pole  pieces  of  a  dynamo- 
electrical  machine  from  which  the  armature 
IS  carried  during  its  rotatmn. 

Thus,  in  Fig.  292,  a  and  c,  are  the  leading  hom« 
of  the  pole  pieces. 

HoniH  of  Pole  Pieces  of  Dynn  1110- Electric 

MiicJiine.— The  edges  of  the  pole  pieces  of  a 
dynamo-electnc  machine  towards  or  from 
which  the  armature  is  carried  during  its  rota- 
tion. 

These  are  called  the  following  and  the  leading 
hums. 


Horse-Power.- A  commercial 
power  or  rate  of  doing  work. 
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A  rate  of  doing  work  equal  to  33,000  pounds 
raised  i  foot  per  minute,  or  550  pounds  raised 
I  foot  per  second. 

A  rate  of  doing  work  equal  to  4»  5^2,33 
kilogrammes  raised  1  metre  per  minute. 

A  careful  dislinction  must  be  drawn  between 
work  and  power.  The  same  amount  o£  work 
is  done  in  raising  i  pound  througb  10  feet 
wheiher  it  be  done  in  one  minute  or  in  one  hour. 
The  power  expended  or  the  rate  of  doing  work 
is,  however,  quite  different^  tjcing  in  the  former 
case  sixty  times  greater  than  in  the  latter. 
I  horse-power  =  550  foot- pounds  per  seconds 
*^  =  33,000  foot-pounds  per  min- 

ute. 
'*  =  4,562.33    kilogramme-metres 

per  minute. 
•»  =  745,941  watts. 

•'  ^  1.013S5  metric  horse-power. 

Horse-Pa  wer.  Electric —{Se&  Power, 

Horse,  Elect n'c) 

Horse-Power  Hoar. — (Sec  Hour,  Horse- 
Power). 

Morse-Power,  Metric ^A  unit  of 

power  in  which  rate  of  doing  work  is  equal 
to  75  kilogramme-metres.  (See  Horse- 
Power.) 

Horseshoe  Electro-Magnet.— (See  Mag* 
net.  Electro,  Horseshoe,) 

Horseshoe  Magnet. — (See  Magnet,  Horse- 
shoe.] 

Hot»   Eed   — SulBciently   heated   to 

emit  red  light  only.     (See  Heat^  Red  J) 

Hot  St  Elmo*a  Fire.^(Sec  Fire,  Hot,  St. 
Elmo's?) 

Rot^  White —Sufficiently   heated  to 

emit  all  the  colored  lights  of  the  spectrum. 
(Sec  Heat,    While.) 

Hotel  Anmtncitttor.— (See  Annunciator , 
Hotel.) 

Hour,  Anipdre A  unit  of  elcclrical 

quantity  equal  to  one  ampere  flowing  for  one 
hour* 

The  ampdre-hour  is  in  reality  a  tmtt  of  quanti- 
ty like  the  coulomb.  It  is  used  in  the  service  of 
electric  currents,  and  is  equal  to  the  product  of 
the  current  delivered  by  the  time  in  hours.  The 
ampftre  hour  is  not  a  measure  of  ^lergy ,  but  when 


combined  with  the  volt,  and  expressed  in  watt 
hours,  it  is  a  measure  of  energy. 

The  capacity  of  any  service  for  maintaining  a 
Bow  of  current  is  measured  in  ampere* hours. 
Thus,  if  any  service,  such  as  a  primary  or  sec- 
ondary battery,  has  a  capacity  of  80  amp6re> 
hours,  it  mil  supply  8  amperes  for  ten  hours,  Of 
it  may  give  10  ampdrcs  for  eight  hours. 

The  storing  capacity  of  accumulators  is  gcner 
ally  given  in  ampere-hours.  The  same  is  true  o* 
primary  batteries. 

One  coulomb  equals  .0001778  ampere-hours* 

One  ampdre-hour  equals  3,600  coulombs. 

Honn  Horse-Power  — -A  unit  of  work. 

An  amount  of  work  equal  to  one  horse- 
power for  an  hour. 

One  horse- power  is  equal  to  1,980,000  fooU 
pounds,  or  745.941  watt  hours. 

Hour,  Kilo-Watt A  unit  of  electri- 
cal power  equal  to  a  kilo-watt  maintained  for 
one  hour. 

Hour,  Lump  -^ — -Such  a  service  of  elec- 
tric current  as  will  maintain  one  electric  lamp 
during  one  hour. 

The  number  of  lamp-hours  is  obtained  by 
tiplyiag    the   number   of  lamps   by  the  a 
number  of  hours  during   which  the  lamps  ife 
burning. 

The  use  of  lamp-hours  is  for  the  purpose  ot 
estimating  the  current  supplied  to  a  consumer  by 
counting  the  number  of  hours  each  lamp  is  in 
service. 

To  convert  lamp-hours  to  watt*hours,  multiply 
the  number  of  lamp-hours  by  the  number  ol 
watts  per  lamp.  The  watt  hours,  divided  by  746, 
will  then  give  the  electrical  horse-power  hours. 
(See  mar,  hVatt.) 

Hoar*  Watt A  unit  of   electrical 

work. 

An  expenditure  of  an  electrical  work  of 
one  watt  lor  one  hour. 

Lamp-hours  are  converted  to  watt.hours  by 
multiplying  the  number  of  lamp-hours  by  the 
number  of  watts  per  lamp,     (See//tfW,  Lamf.\ 

Honse  Anuunelator. — (See  Anntmci^or, 
House.) 

House  Halii.— (See  Main,  House.) 
Hofwe-Serrloe  Cond actor,— (See  G 
tor,  House-Service,) 
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(Sec  Fixtures,  Telegraphic  House-  Top.) 

Haiwe  Wire (See  Wire,  House.) 

Hit^lied*  Electro-Magnet,— (See  Magnet, 
EUcirOt  Hughes ,) 

^B  HttJUJiJi  Bodf ,  Elei;trJc  RestHtance  af 

^^t-(Sce  Body^  Human,  Resisiante  o/^) 

I  H  jdni-Electrio  Bftth.— (See  Bath,  Hydro- 

I      Edectric.) 

^^m    Rjrdro-Eleetiic    Machine,    Amistron^*s 

^ (Sec  Machine,  Armstrong  s  Hydro- 

^^kdectric) 

^V  Uydrof en,  Electrolytic  — —  —Hydrogen 
produced  by  electrolytic  decomposition. 

It  is  the  electrolytic  hydrogen  liberated  in  a 
voltaic  cell  at  the  surface  of  the  negative  plate, 
which  causes  polarization  and  consequent  de- 
crease In  the  resulting  current  strength,  by  rea- 
ioa  both  of  the  countcr-ekctromotive  force  it 
produces  and  the  increased  resistance  It  produces 
in  the  cell. 

Qectrolytic  hydrogen  ii  atomic  hydrogen;  L  e,^ 
hydrogen  with  its  bonds  open  or  free.  It  there- 
fore possesses  much  stronger  chemical  afltnittes 
than  does  molecular  hydrogen.  Electrolytic 
osjgen  which  is  evolved  at  the  same  time  as  the 
I  tiectiolytic  hydrogen  has  been  successfully  em- 
I  ployed  in  electric  bleaching.  Hydrogen  per. 
I      oxide  IS  also  formed  and  acts  as  a  bleaching  agent. 

I  Hydrometer  or  Areometer. — An  appa- 
LgAtus  for  determining  the  specific  gravity  of 
^^■qukls.     (Sec  Areometer  or  Hydrometer.) 

f         llydro-riastics.— (Sec  Plastics,  Hydro.) 

Hydro-PUsty.— The  art  of  hydro-plastics, 
CSec  Plastics,  Hydro,) 

Hydrotaslmetcr,  Electric An  elec- 
trically operated  apparatus  designed  to  show 
^E  a  distance  the  exact  position  of  anv  water 
I^rvcl. 

Id  most  forms  of  the  electric  hydrotasimeter  a 
^C3at  placed  in  the  liquid  and  connected  with  an 
^i^tric  circuit  breaks  this  circuit,  and,  at  intervals, 
^*aid$  podtive  impulses  into  the  line  when  rising 
^^*ad  oegatiTe  impulses  when  falling.  These  are 
•^^s^iilercd  by  means  of  an  index  moved  by  a  step- 
«^-«8q>  motion,  positive  currents  moving  it  in 
*^*>e  diiecttoD  and  negative  currents  moving  it  in 
^^  opposite  directiofi. 


Hygrrometer. — An  apparatus  for  determin- 
ing the  amount  of  moisture  in  the  air. 

Hyg^rometrical, — Of  or  pertaining  to  the 
hygrometer. 

Hygrometrlcally.— In  the  manner  of  the 
hygrometer. 

IlypotlicsiH. — A  provisional  assumptiori  of 
facts  or  causes  the  real  nature  of  which  is 
unknown^  made  for  the  purpose  of  studying 
the  effects  of  such  causes. 

When  the  facts  assumed  by  a  hypothesis  can 
be  shown  lo  be  presumably  true  the  hypothesis 
becomes  a  theory.  A  theory,  therefore,  gives  a 
more  correct  expression  of  the  relations  between 
the  causes  and  effects  of  natural  phenomena  than 
does  a  hypothesis. 

Hypotheftifl^  Ihiuble-Flnld   Electric 

— (See  Electricity^  Double- Fluid  Hypothesis 
a/.) 

liypotheflK  Grottiiis^' ---A  hypothe- 
sis proposed  by  Grothiiss  to  account  for  the 
electrolytic  phenomena  that  occur  on  closing 
the  circuit  of  a  voltaic  cell* 

GrothUss*  hypothesis  assumes: 

(i.)  That  before  the  electric  circuit  is  closed 
the  molecules  of  the  electrolyte  are  arranged  hi 
an  irregular  or  un polarized  condition!  as  repre* 


^ir*  »^  J*  GrttAlur  //j^hfstt  9/EtHirMyHc  PslmH- 

sentcd   at  (t)»   Fig.  293,    These  molecules  arc 
shaded  as  shown  in  Fig.  294,  to  indicate  theu-  com- 
position and  polarity. 
(2.)  When  the  circuit  is  closed  and  a  ctirrent 


Hyp.] 
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H' 
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begioft  to  pass,  %  polarization  of  the  electrolyte,  a^j 
shown  at  (2).  ensues,  whereby  all  the  negative 
ends  of  the  molecule?  of  hydrogen  sulphate,  o 
sulphuric  add,  are  turned  towards  the  positive 
or  zinc  plaie,  and  all  the  positive  ends  towards 
the  negative  or  copper  plate.  This,  as  will  be 
seen,  will  turn  the  SO^  ends  towards  the  tine, 
and  the  II,  ends  towards  the  copper. 

(3.)  A  decomposition  of  the  polarized  chain, 

whereby     the     SO^  _. 

unites    with  the    fine     /"^^^ 

and  the  II,  li Iterated  ( 

n^umtes  with  the  SO 4  1 

of  the   molecule  next   V 

to  it  in  the  chain,  and       ^ — -^_^ 

its  liberated   H,  with   Ft£.  M94*   Cmstm^tionAlUtd 

the  one  next  to  it,  and  McUciUt, 

so  ml  until  the  last  liberated  H,  in  the  chain  is 

given  off  at  the  surface  of  the  copper  or  negative 

plate.     This  leaves  the  chain   of  molecules  as 

shown  at  (3). 

(4  )  A  semi-rotation  of  the  molecules  of  the 
chain,  a^  at  (j),  until  they  assume  the  position 
shown  at  (4).  This  rotation  is  required,  since  all 
the  m*>leculcs  in  (3)  are  turned  with  their  similar 
poles  I. J  wards  similarly  charged  battery  plates. 

Hy}>olliesh,   Single- Flatd   Electric 

—(Sec  Electricity^  SingU-Fluid  Hypothec 
sis  of,) 

HjrpothetieaU— Of  or  pertaining  to  a  hy- 
pothesis, 

Ilyimoiiieter.--An  apparatus  for  determin- 
ing the  height  of  a  mountain  ar  other  eleva- 
lion  by  ascertaining  the  exact  temperature  at 
which  water  boils  at  such  elevation. 

The  use  of  a  thermometer  to  measure  the 
height  of  a  ntt^untaia  or  other  clevatioD  is  based 
on  the  fact  that  a  given  decrease  in  the  tempera- 
ture of  the  boiling  point  of  water  invariably  at- 
tends a  given  decrease  in  the  atmospheric  press- 
ure. Therefore,  as  the  observer  goes  further 
above  the  level  of  the  sea,  the  boiling  point  of 
water  becomes  lower,  and  from  this  decrease  the 
height  of  tlie  mountain  or  other  elevation  may  be 
calculated. 

HypsometricaL — Of  or  pertaining  to  the 
hypsometcr. 

Hjpaometrically* — In  the  manner  of  the 
hypsometcr. 
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Hysteresial  Digaipation  of  J 

Energy,  Hysteresial  Dissipation  ^/,] 

Hysteresis,  —  Molecular  friction  t 
netic  change  of  stress, 

A  retardation  of  the  tnagfnctizing 
magetizing  effects  as  regards  the 
which  produce  thenn. 

The  quality  of  a  paramagnetic^ 
by  virtue  of  which  energy  is  dissipa 
reversal  of  its  magnetization. 

The  ratio  of  magnetic  induction  to  tl 
netizing  force  producing  it,  or,  In  otl 
the  magnetic  permeability,  is  greater^ 
magnetizing  force  is  decreasing,  than 
i  n  crea  s  i  n  g .  This  phenomenon  is  seen  in 
known  retention  of  magnetism  in  iron  1 
withdrawal  of  the  force  causing  the  magne 
and  was  called  by  Ewing  kysUreii 
*v6^€^iQi,  to  lag  beldnd. 

If  a  curve  is  constructed  in  which  t 
zontal  abscissas  represent  the  magnetixii] 
or  the  magnetizing  current  to  which  t 
proporttonal,  and  the  vertical  ordina 
number  of  lines  of  induction  passing  thni 
body  that  is  being  magnetized,  both  in  ! 
of  gradually  increasing  and  gradually  dc 
currents,  the  curve  will  be  found  to  hftTt 
values  for  the  decreasing  than  for  the  in 
current  Constructmg  a  curve  in  this  naa 
the  case  of  a  ring  of 
iron,  which  has  been 
first  suddenly  magnet- 
ized and  then  demag- 
netized, taking  the 
magnetising  force  along 
ihe  line  F  H,  Fig. 
295.  and  the  result- 
ing magnetization 
along  the  line  M  N,  a 
loop  is  formed  in  the 
curve,  as  shown  in  the 
figure.  The  arrows  , 
show  the  direction  of  /i/-.  ^gj, 
the  magnetizing  force  ;  trrmj  (I 

the  shaded  area  the  work  done  due  to  I 

The  area  of  this  loop  represents  the  mi 
energy  per  unit  of  volume  expended  in  f 
ing  a  magnetic  cycle,  *  r.,  in  carrying  < 
ring  through  a  magnetisatioa  and 
demagoetiz  ation . 

The  phyitcal  meaning  of  the  loop  Is  1 


inf 
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Eioirfias  occurred.    This  lag- 

ff  the  magnetization  is  due  to  hysteresis, 
ig  gives  the  value  for  the  energy  m  erg* 
^ted  per  cubic  centimetre,  for  a  complete 
||ic  cycle  for  a  number  of  substances,  as 

^^^k  Cctergy    dis^ipat^d 

^^^^  m  ergs  per  cubic 

^^^^^^^^^^B  oflnliHietre,  during 

^^^^^^^^^K  aO0IB|»lirt«  cyckuf 

^^^^^^^^^H  doubly       revt!i-9«d 

^^^^^^"'^*^*  ttnaog  aukgn^ntA' 
^t^  cf  Xitm  operated  upoo.        tion. 

iDift  annegded  iion 9»30o  ergs. 

pft  uincaled  iron.. ........  16^500  *^ 

^ma  sled  wife .»...  60000  " 

led  sletl  wire 70,500  " 

Wel»  glaf s  hard 76,000  '* 

fotte    steel     wire«  normal 

per... ..,..,,,,.*,.,,.,,.  t 16,000  " 

jjmnealed..*..     •»«^.,...  94,cxk)  ** 

I  glass  hard ,.,,  117,000  *• 

oximately  28  £bot>pounds  of  energy  are 
to  make  a  double  reversal  ot  strong 
iiation  in  a  cubic  foot  of  iron.  Energy 
in  this  way  takes  the  form  of  heat. 
however,  is  to  be  distinguished  from 
duced  by  Foucault  currents, 
iingto  Ewing,  hysteresis  is  greatly  de- 
i  by  keeping  the  iroa  in  a  state  of  mag- 
hstbr^ttoo.  In  this  way,  the  energy  dis- 
I  in  a  complete  magnetic  cycle  is  corrc^ 
Ugly  dccreaied.  This  observation  of  Ewing 
lurith.  the  prior  observation  of  Hut;hcs,  who 
that  tapping  or  twisting  a  bar  of  iron 
accelerates  the  removal  of  its  residual 

[phoDOiiieiia  of   hysteresis,  according  to 
,  aocotmts  for  part  of  the  encrjf  y  which 

i  in  a  dynamo-clcctric  tnachine: 
I  the  field  magnets. 
k  ordinarily  constructed  cootinuous- current 
b,  wurk  is  done  in  magnetizing  the  field 
p,  oot  only  to  give  the  iron  its  initial  mag- 
^  but  also  to  consuntly  reproduce  the  mag- 
I  which  the  machine  loses  by  reason  of  the 


conlinual  vibrations  to  which  it  u  subjected  dur* 
ing  its  run*  U  sufiBcicnt  residual  magnetism 
were  retained,  on  the  withdrawal  of  the  magneti- 
zing lorce  there  would  be  no  necessity  for  the 
current  in  the  field  magnets  ;  but,  siaiic  this  i$ 
removed  by  even  a  small  vibration,  tlic  energy  ol 
the  exciting  current  must  needs  be  expended. 

(2,)  in  the  armature  of  the  dynamo. 

The  soft  iron  of  the  core  h  subjected  to  succes- 
sive magnetizations  and  demagnetizations.  Ac- 
cording to  Fleming,  in  the  case  of  a  core  having 
a  volume  of  9,000  cubic  centimetres,  with  fifteen 
reversals  per  second,  the  loss  is  equal  to  about  ^ 
horac-power. 

Hysteresis,  S^tatlc ^Thai  quality  in 

iron,  or  other  paramagnetic  substance,  by 
virtue  of  which  energy  is  dissipated  during 
every  reversal  of  its  magnetization. 

Static  hysteresis  is  so  namc^  in  onler  to  dis- 
tinguish  it  from  viscous  hysteresis.     (Sec  Hystert* 


HyisteresiSi  Tbeoiis 


-The  time-lag 


observed  in  magnetizing  a  bar  of  iron, 
which  is  referable  neither  to  induction  in  the 
iron,  nor  to  self-induction  in  the  magnetizing 
current,  but  to  the  magnetic  viscosity  of  the 
substance. 

A  sluggishness  exhibited  by  iron  for  mag- 
netization or  demagnetization  due  to  magnetic 
viscosity. 

The  difference  between  static  and  viscous 
hysteresis  is  thus  stated  by  Fleming  in  consider- 
ing the  analogous  mechanical  ca*e  of  lifting  a 
weight  in  a  viscous  fluid.  "Apart  from  fluid 
resistance,  the  work  done  in  lifting  the  weight 
against  gravity,  say  one  hundred  times,  is  a  hun- 
dred  times  the  work  rvcjuired  to  be  spent  to  lift 
it  once  ;  but  if  fluid  resistance  comes  into  play, 
and  if  this  varies  as  the  square  of  the  velocity  of 
the  moving  body,  then  the  total  work  done  in 
lifting  the  weight  through  the  fluid  will  be  de- 
pendent also  upon  the  rate  at  which  the  cycle  is 
performed.*' 


thp.\ 


I.  H.  P.— A  contraction  for  indicated  horse - 
power,  or  the  horse-power  of  an  engine  as 
obtained  by  the  means  of  an  indicator  card. 

I.  W.  Q*— A  contraction  for  Indian  wire 
gauge. 

Idlo-Electrica. — A  name  formerly  applied 
to  such  bodies  as  amber,  resin  or  glass,  which 
are  readily  electrified  by  friction,  and  which 
were  then  supposed  to  be  electric  in  ihem* 
selves. 

This  distinction  was  based  on  an  erroneous 
conception,  and  the  word  is  now  obsolete. 

Idioiitilttc.^A  term  employed  by  Sir  Wil- 
liam Thomson  to  designate  an  electrometer 
in  which  the  measurement  is  effected  by  de- 
termining the  repulsion  between  the  charge 
to  be  measured  and  that  of  a  charge  of  the 
same  sign  imparted  to  the  instrument  from 
an  independent  source.     {Sec  Heter astatic) 

Idle  Poles,— (See  PqUs,  Idk:) 

Igniter,  JabloclikofT — A  small  strip 

of  carbon,  or  some  carbonaceous  material 
that  is  readily  rendered  incandescent  by  the 
current,  placed  between  the  free  ends  of  the 
parallel  carbons  of  a  Jablochkoff  candle,  for 
the  establishment  of  the  arc  on  the  passage 
of  the  current. 

Th^  igniter  is  necessary  in  the  J ablochkofT elec- 
tric cantUCf  since  the  parallel  carbons  arc  rigidly 
kept  at  a  constant  distance  apart  by  the  insulat- 
ing mitcrial  placed  between  them ^  and  cannot 
therefore  be  move!  together  as  in  the  case  of  the 
ordinary  bmp.     (See  Candl^^  Jablochkoff.) 

Ignition^  Eloctrlc  — The  ignition  of 

a  combustible  material  by  heat  of  electric 
origin. 

Tue  electric  ignition  of  wires  is  generally  ac- 
complished by  de<.tric  incandescence.  Ignition 
may  be  accomplished  by  the  heat  of  the  voltaic 
arc.     (SteZ/.tf/t  J^i^cfric.    Furnace^  EiedrU.) 

1  he  igniiion  of  combustible  gases  is  accom- 
plished by  the  heat  of  the  electric  spark.  (See 
SuTfur^  AutomatiL\  Electric.) 

nkimlnatlon.  Artificial —The  em- 
ployment of  artificial  sources  of  UghL 


A  good  artificial  illuiiiinant  should  possess  tk 
foltowing  properties,  viz, : 

(i. )  It  should  give  a  general  or  uniforni  iUumi- 
nation  as  distinguished  from  sharply  marked 
regions  of  Ught  and  shadow. 

To  this  end  a  number  of  small  lights  well  dis^ 
tributed  are  preferable  to  a  few  large  lights. 

(2.)  It  should  give  a  steady  hght,  uniform  in 
brilliancy,  as  distinguished  from  a  flickering, 
unsteady  light.  Sudden  changes  in  the  intensity 
of  a  light  injure  the  eyes  and  prevent  distinct 
vision. 

(J.)  It  should  be  economical,  or  not  cost  too 
much  to  produce. 

(4.)  It  should  be  safe,  or  not  likely  to  cause 
loss  of  life  or  property.  To  this  intent  it  shoold, 
if  possible,  be  inclosed  in  or  surrounded  by  s 
lantern  or  chamber  of  some  incombustible  roate« 
rial,  and  should  preferably  be  lighted  at  a  di>* 
(ance. 

(5  )  It  should  not  give  off  noitious  fumes  or 
vapors  when  in  use,  nor  shottld  it  unduly  heat 
Ihc  air  of  the  space  it  inuroines. 

(6.)  It  should  be  reliaUe,  or  not  apt  to  be  on- 
expectedly  extinguished  when  once  h'ghted. 

The  electric  incandescent  lamp  is  an  excellent 
artificial  illuminant. 

( t . )  It  is  cap  ible  of  great  subdivisioii,  and  can. 
therefore,  produce  a  uniform  illumination* 

(2.)  It  is  steady  and  free  from  sudden  changei 
in  its  intensity. 

(3. )  It  compare?  favorably  in  point  of  economy 
with  coal  oil  or  ^as,  provided  its  extent  of  use  it 
sut)iciently  g^reat, 

(4.)  It  is  safer  than  any  known  UlumioaDt, 
since  it  can  be  entirely  inclosed  and  can  be 
lighted  from  a  distance  or  at  the  burner  without 
the  dangerous  frtction  match. 

The  leadi,  however^  must  be  carefully  insu- 
lated and  protected  by  safety  fuses.  (See  FuMt, 
Safety.) 

(5.)  It  gives  off  no  gases,  and  produces  far  le« 
he*it  than  a  gas-burner  of  the  same  candle  power. 

It  perplexes  many  people  to  understand  why 
the  incandescent  electric  light  should  not  beat 
the  air  of  a  rootn  as  much  as  a  gas  light,  smce  if 
is  quite  as  hot  as  the  gas  Lght.  It  must  be  re- 
mcrobcrcd»  however,  that  a  gas*bumcr,  when 
Ughtedi  not  only  permits  the  siime  (Quantity  of 
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gai  to  cater  the  room  which  would  enter  it  if 
the  gas  were  timply  txirned  on  and  not  lighted, 
but  that  this  bulk  of  gas  is  still  given  off,  and  is, 
tDdced,  considerably  increased  by  the  combina- 
tion of  the  illuminating  gas  with  the  oxygen  of  the 
atmosphere ;  and,  moreover,  this  great  bulk  of 
|M  escapes  as  highly  heated  ga-^es.  Such  gases 
are  entirely  absent  in  the  incandescent  electric 
Ughr,  and  consequently  its  power  of  healing  the 
furrounding  air  ia  much  less  than  that  of  gas 
Ughts. 

(6. 1  It  is  quite  reliable,  and  will  continue  to 
bum  as  long  as  the  current  is  supplied  to  it. 

Illumination,  Lls'hthoujio,  Electric  ^^ 

— The  application  of  the  electric  arc  light 
to  lighthouses. 

A  powerful  arc  tight  is  placed  In  the  focus  of 
the  dioptric  lens  now  commonly  employed  in 
lighthouses.  Since  the  consumption  of  the  carbon 
electrodes  would  alter  the  position  of  the  focus  of 
llie  light,  electric  lamps  for  such  purposes  are 
eonstnicted  to  feed  both  of  their  carbons,  instead 
of  the  upper  carbon  only,  as  in  the  case  of  the 
ordinary  arc  lamp.  Such  lamps  are  called  focus* 
ing  lamps. 

niamf nation,  Unit  of ^A  standard 

of  illumination  proposed  by  Preecc,  equal  to 
the  illumination  ^vcn  by  a  standard  candle 
at  the  distance  of  12.7  inches. 

According  to  Preece,  the  illumination  of  the 
aterage  streets  of  London,  where  gas  is  employed, 
iiei|Da)  to  about  onc^ tenth  of  this  standard  in  the 
scigliborhood  of  a  gas  1am p^  and  alxiut  one. 
tfAieth  in  the  middle  space  between  two  lamps. 

The  term  unit  of  illumination,  in  place  of  in* 
tensity  of  tight,  was  proposed  by  Preece  in  order 
to  avoid  the  very  great  diflTiculty  in  determining 
the  intensity  of  a  light  in  a  street  or  space  where 
there  were  a  number  of  luminous  sources,  and 

here  the  directions  of  incidence  of  the  different 

;hts  vary  so  greatly. 

A  cartrd  {standard  at  the  distance  of  a  metre 
■»ili  mumine  a  surface  to  the  same  intensity  of 
^uinication  as  a  standard  candle  at  the  distance 
^ta.7  inches.     (See  CdMdU,  foot.) 

Illamincil  Elc*c  trade.— (See  EUctrode, 
\  IjttUlUUion  Currentg.— (Sec  Currtnis,  Im- 
^^LjlMM^  £le€tr!c  —A   term   some* 
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times  applied  to  the  charge  produce  I  on  9 
neighboring  surface  by  induction  from  a 
known  charge. 

A  positive  charge  produces,  by  induction,  on  a 
fiat  metallic  surface  near  it»  a  negative  charge 
which  is  distributed  with  varying  density  over  the 
surface^  but  acts  electrically  as  would  an  equal 
quantity  of  negative  electricity  placed  back  of  the 
plate  at  the  same  distance  the  positive  charge  is 
in  front  of  it.  The  correspondence  of  this  charge 
with  the  image  of  an  object  seen  in  a  plane  mirror, 
has  led  to  the  term  electric  image. 

Maxwell  defines  electric  image  as  follows:  "  An 
electric  image  is  an  electrified  point,  or  system  of 
points,  on  one  side  of  a  surface^  which  would  pro- 
duce»  on  the  other  side  of  that  surface,  the  same 
electncal  action  which  the  actual  electrificatioii  of 
the  aurlace  really  does  produce.** 

Imped  a  nee.  ^Generally  any  opposition  to 
current  flow. 

The  sum  of  the  ohmic  resistance  and  the 
spurious  resistance  of  a  circuit  measured  in 
ohms. 

A  quantity  which  is  related  to  the  sct^ngth 
of  the  impressed  electromotive  force  ol  a  sim- 
ple periodic  or  alternating  current,  in  the  same 
manner  that  resistance  is  related  to  the  steady 
electromotive  force  of  a  continuous  current. 

In  the  ca^c  of  steady  currents,  the  current 
strength  is  e<-|ual  to  the  electromotive  force  di. 
vided  by  the  resistance;  or, 

^  ^  .         ^,       Electromotive  force 

Current  strength  = — >. 

Resistance. 

In  the  cascofa  simple  periodic  or  alternating  cur. 
rent,  the  average  current  strength  is  ei|ual  to  ttie 
average  impressed  electromotive  force  dirldcdtiy 
the  impedance;  or» 
Average  current  strength  = 

Average  impressed  electromotive   force 
I  m  pedari  cc.  ' 

Since  impedance,  like  true  resistance  of  the  cir- 
cuit, can  Ix;  measured  in  ohms,  it  is  sometime* 
called  the  virtual  resistance. 

Impedance  is  a  quantity  equal  to  the  square 
root  of  the  sum  of  the  squares  of  the  inductive 
resistance  of  the  circuit  and  the  ohmic  resistance. 

In  the  case  of  simple  periodic  or  alternating 
currents,  the  average  current  strength  is  equal  to 
the  average  impressed  dcctromotiTC  force*  divided 
by  the  impedance;  the  maximum  current  strength 
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is  equal  to  the  maximum  impressed  dectroraotivc 
force,  divided  by  the  impedance. 

The  impedance   of  a  circuit    can  be  refire- 
sen  ted  geomctricaUy  as  fol- 
lows:   Draw  a  right  angled 
triangle  (Fig.  296),  the  base 
of    >»mch    represents    the 
ohmic  resistance  of  the  cir-    j^  ^ 
cuit,  and  the  perpendicular,  ^*''*"*^  **"!' **"**.  .    , 
the    mductive     resistance;      a^pns^nt^um  ^/ Im. 
then  the  hypothenuse  will     ptdmnct. 
represent  the  impedance. 

Since  the  ohmic  resistance  equals  R,  and  the  in- 
ductive resistance  equals  the  inductance  L,  mul- 
tiplied by  2  7C  n,  in  which  ti,  is  the  frequency,  the 
value  of  the  impedance  is  equal  to 
-/R*  -f  4  3e»n'  L«. 

ImpcduQcc  Coil.^{Sec  CoH,  Impedance.) 

Iinpedniic(\    fmpnlsivo    or    OsciUntorjr 

—The  impedance  which    a  conductor 

offers    to   an   impulsive   or  oscillatory    dis- 
charge. 

The  impulsive  impedance  varies  in  simple  pro- 
portion to  the  frequency  of  the  periodic  current. 
It  depends  on  the  form  and  size  of  the  circuit,  but 
it  is  independent  of  its  resistance  or  permeability. 

Iiuponderahle. — That  which  possesses  no 
Aveight. 

A  tt:rm  formerly  applied  to  t!ie  luminiferous 
or  universal  ether,  but  now  generally  aban- 
doned. 

It  is  very  questiooable  whether  it  is  possible  for 
any  form  of  matter  to  be  actually  imponderable 
or  to  possess  no  attraction  for  uther  matter. 

An  imponderable  fluid,  as,  for  example^  the 
universal  ether,  as  the  term  is  naw  generally  em- 
ployed, is  a  fluid  whose  weight  is  comparatively 
small  and  insignilrcant,  and  not  a  fluid  an  infinite 
quantity  of  which  would  be  entirely  devoid  of 
weight, 

Impreased    Electromotive    Forc«.— (Sec 

Force^  Electromotive,  Impressed,) 


Impulse,  EUK'tro-Magnetlc 


-An  im- 


pulse produced  in  the  ether  surrounding  a 
conductor  by  the  action  of  an  impulsive  dis- 
charge, or  by  a  pulsating  field. 

Imptilgef  Electromotire An  im- 
pulse producing  an  impulsive  rush  of  dec- 
Irctty, 


The  tenn  is  employed  to  distinguish  between 
the  ordinary  electromotive  force  which  produces  i 
itudf  cmncat  of  electricity  and  an  dectTomolire 
f BiMiAse  wfefieh  produces  an  impulsive  rush  of  dec^ 
trictty  or  impulsive  discliargc. 

ImpnUion  Cell*— (See  Cell,  Impuhim.) 

Ini pulsion  Effect.— fSec  Ejfeci,  frnpul- 
sionj) 

ImpulslTe  impediiiK'e. — (See  Impetianee, 
Impulsive  or  Ostiliatory^) 

lueandeace, — To  shine  or  glow  by  means 
of  heat. 

Incandescence. — The  shining  or  glowing  of 
a  substance,  generally  a  sohd,  by  reason  of  a 
sufficiently  high  temperature. 

IncandeHcence,  Electric The  shin- 
ing or  glowing  of  a  substance,  generally  a 
solid,  by  means  of  heat  of  electric  origin. 

Electric  incandescence  of  solid  substances  differs 
from  ordmary  incandesoencet  in  the  (act  that  tiu- 
less  the  substance  is  electrically  homogeneoui  { 
throughout,  the  temperature  is  not  uniform  iii  ill 
parts,  but  is  highest  in  those  portions  where  the 
resistance  is  highest  and  the  radiation  smallest. 

The  deposition  of  carbon  in  and  on  a  carban 
conductor  by  they?<7j^>£f/r<)f^/x  is  quite  different 
as  performed  by  electrical  incandesceooe,  than  it 
would  be  if  the  carbons  were  heated  by  ordinary 
furnace  or  other  heat.  (See  Cari^otu,  Flmk 
Process  f^r,) 

lucjLnilesoence,  Thermal Thc< 

ing  or  glowing  of  a  substance,  generally  *l 
solid,  by  means  of  heat  other  than  that  of  | 
electric  origin. 

Incimdescent — Shining  or  glowing  wilhl 
heat. 

Incandescent  Ball  BleciHc  lAiiip,^(Scc 
Lamp,  Electric,  Incandescent  BesU^ 

IncandeJM^ent  Electric  I^mp,  IJfo  < 

of (Sec  Carve,  Life,  of  Incandm 

Liunp,) 

Incandeseeut  Electric  Laiii|»,  Ufeaf  - 
— (See  Lamp,  Electric^  Incandesceni,  Li/m^ 
of.) 

Incandescent  Straight  Ftlament 
— (Sec  Lampt  Incandesani^  Straight  FA 
ment,) 
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ring.— Glowing    or    shining   by 
of  heat. 

lasUotu  Anglo   of The  angle 

^  magnetic  needle,  free  to  move  m  a 
I  and  homontat  plane,  makes  with  a 
|taJ  line  passing  through  its  point  of 

Angle  of  magnetic  dip. 
gnietlc  needle,  supported  at  its  centre  of 
f  and  capable  of  moving  freely  in  a  ver- 
meil as  in  a  horizontal  plane,  does  not 
i  horiiontal  position  at  all  f>arts  of  the 
surface* 

Biglc  which  marks  its  deviation  from  the 
bl  position  is  calltrd  the  angle  of  dip  or 
Ion.     (Sec  Dip,  MagH^iic) 

pidi*^^«nt  Elet'lrif  Tain  i  p.  —  (Sec 
£iWfnc.  I  ma  nd€ scent. ) 

■4IB  Chart— (Sec  Chart,  Imlina- 
on  Compaaa.— (Sec  Compass,  In- 

K) 

tnilnn,  Mag^nettc The  an- 
riation  from  a  horizontal  position  of 
b  suspended  magnetic  needle.  (See 
tagnttic^    Chart,  Inclination.) 

^latlon  Map, — (See  Map  or  Chart, 

i/iVi/f.) 

inatlnn   of  Masrnettc   Needle, — (See 

[  Magnetic,  Inclination  of,) 

Istameter. — A  name  sometimes  given 

Inclination   compass.     (See    Compass, 

li|»I»t«    Cinruit— (See   Circuit,   In- 

Msed     Electric    Irritiibilltj.-(Sec 
U^,  EUctric,  Increased,) 
pBMllt  Key, — (See  AVv,  Increment^ 
HBent  Key  of  a  <{nadmplex  Tele* 
\  Sfntem,— (Sec  Key,  Increment,  of 
\tplex  Telegraphic  System,) 
il  Rubber. — A  resinous  substance  ob- 
m  the  milky  juices  of  several  tropt- 

iiV^jcr  or  caoutchouc  is  obtained  from 
t  flasiica  of  South  America. 


India  rubber  is  quite  elasllc  and  possess^  high 
powers  of  electric  insulation.  When  vulcanized 
or  combined  with  sulphur,  it  still  retains  its 
powers  of  electric  insulation  in  a  high  degree. 
In  this  state  it  is  highly  electrified  by  friction. 
(Sec  C*j£fUt(hou€,) 

liidicatinsr  Bell.— (See  Bell,  Indicating) 

Indicator*  Aut«*iiiatic Any  auto- 

matic  device  for  electrically  indicating  the 
number  of  times  a  c'u'cutt  has  been  opened  or 
rlosed.  anrl  thus  the  number  of  times  a  given 
operation  has  oircurrcd  which  has  caused  the 
opening  or  closing  of  such  circuit. 

An  annunciator  with  an  automatic  drop  is 
sometimes  callcJ  an  automatic  indicator.  (See 
Annttndattfr,  Electro-Magnetic.  Annunciator 
Drop,  Automatic.) 


Indlcaior,   Electric 


-A    name  ap- 


plied to  various  devices,  generally  operated 
by  the  deflection  of  a  magnetic  needle,  or  the 
ringing  of  a  bell,  or  both,  for  indicating,  at 
some  distant  point,  the  condition  of  an  electric 
circuit,  the  strength  of  current  that  i%  passing 
through  it,  the  height  of  water  or  other  liquid, 
the  pressure  on  a  boiler,  the  temperature,  the 
speed  of  an  engine  or  line  of  shafting,  the 
working  of  a  machine  or  other  similar  events 
or  occurrences. 

A  term  sometimes  used  in  place  of  annun* 
ciator  (See  Annunciator, Electro-Magnetic  J) 

Indicators  arc  of  various  forms.  They  arc- 
generally  electro- magnetic  in  character.  They 
are  automatic  m  action, 

Ind  lectori  Electric  Clrenlt A  de- 
vice, generally  m  the  form  of  a  vertical  gaU 
vanometer,  employed  to  indicate  the  presence 
and  direction  of  a  current  in  a  circuit,  and 
often  to  roughly  measure  its  strength,  (See 
Galvanometer,  Vertical.) 

Indicntor^  Elect  He,  for  Steamnhlps 

— An  ckctric  mdicator  operated  by  circuits 
connected  with  the  throttle  valve  and  revcrs' 
ing  gear  of  the  steam  engine. 

The  signal  '*stop,"  for  example,  sent  by  the 
navigating  oflEcer  to  the  engineer,  causes  him  to 
close  Ihc  throttle.  Thii  act  places  the  indicator 
needle  at  •*Ptop/*  and  thus  informs  the  ofBcer 
that  hts  signal  has  been  obeyed.     In  the  same 


Ind.] 


maoner,  the  opening  of  the  throttle  sets  the  in- 
dicator needle  to  "ahead,"  etc. 


indicator,  Eleclrfo    Thrawback 


An  annunciator  with  a  drop  that  is  cleclrically 
replaced.  (See  Annunciator,  EUdro-Mag- 
He  tic.) 

Indtentor,    Lamp An    apparatus 

used  in  the  central  station  of  a  system  of  in- 
candescrnt  lamp  distribution  to  indicate  the 
presence  of  the  proper  voltage  or  potential 
difference  on  the  mains. 
c 


/S^.  j^7*    Btisom^Himtri  Lamp  IndietUor^ 

The  lamp  indicator  of  Eflbon  and  Howell  is 
shown  in  Fig*  297.  It  conslsU  essentially  of  a 
Wheatstone  hridge  with  the  resistances  arranged 
as  shown.  A  gaWanometer  at  G,  serves,  by  the 
movements  of  its  magnetic  needle,  to  act  as  an 
indicator.  This  needle  remains  at  zero,  when 
the  potential  dilTerence  is  the  exact  voltage  re- 
quired on  the  circuit  with  which  the  indicator  is 
connected.  The  incandescent  lamp  at  L,  being 
one  of  the  resistances,  and  being  constantly 
traversed  by  the  current,  will  have  a  fixed  resist- 
ance for  the  temperature  at  which  it  is  designed 
to  mn.  The  other  resistances  arc  so  proportioned 
as  to  insure  the  needle  at  G,  remaining  at  zero. 
If,  however,  the  potential  varies,  the  temperature 
of  the  lamp  L,  varies,  and,  being  carbon,  its  re* 
sistance  also  varies,  a  rise  of  temperature  cor- 
responding to  a  fait  of  lamp  resistance,  which 
destroys  I  he  balance  of  the  bridge  and  deilccts 
the  gatvanomeier  needle.  The  attendant  then 
regulates  the  potential  to  bring  ihe  needle  back  to 
tero. 

Inidicator,  Mechaatcal  Throwliack 

— An  annunciator  with  a  mechanical  drop. 
(See  Annunciator,  Electro-Magnet iCu  An- 
munciaiar.  Drop,    Annunciator ^  Gravity^ 

Indicator,  Fend  til  urn An  annun- 

ciatorp  Ihe  indicating  arm  of  which  is  operated 


by  means  of  a  pendulum.  (See  Annunciaiw, 
Pendulum.) 

Indkator,  P(>t«atlal  — ^An  apparatus 

for  indicating  the  potential  difference  between 
any  points  of  a  circuit, 

A  voltmeter  is  a  potential  indicator.  It  is. 
however,  more,  than  an  indicator,  since  it  giT» 
the  value  of  the  potential  difference  in  volta.  (See 
Voltmttfr,)  A  lamp  indicator  is  a  potentisd  in* 
dicator.     (See  Indicator^  Lamp.) 

Indicator,  Semaphore An  anntin* 

cialor  m  which  a  gnvity  drop  or  shutter  ii 
caused  to  fall  by  the  action  of  the  cJcctric 
current,  thus  exposing  a  number  of  other 
signals  back  of  the  drop  or  shutter. 

Indicator,  Speed — A  name  some- 
times applied  to  a  tachometer.  (See  Tack&m-^ 
eter.) 

A  form  of  speed  Indicator  b  shown  in  Tig. 
298.  The  endless  screw  drives  the  wheel  when 
the  triangular  pomt  Is  held  firmly  agaiiiit  the 
centre  of  the  revolving  shaft  or  pulley. 


/>/.  jgS.    SpTid  Indumi^r^ 


Indtcatiir,  Voltaic  Battery A  de- 
vice for  indicating  ihe  condition  of  a  voltaic 
battery. 

Indifferent  Point.— (Sec  Point.  Ind& 
fereni,) 

Indirect  ExclUitton.— (See  Excilaim* 
Indirect,) 

Induced  Atomic  Cnrrenta,— (See  Cur* 
rents^  Induced,  Atomic  or  Molecular,) 

Induced  Current— (Sec  Current^  /*- 
dticed.) 

Induced  Direct  Current,— (Sec  r/frr//f/. 
Direct^  Induced,) 

Induced  Electrostatic  Chargt'  — (Sc* 
Charge,  Induced  Etectrostatic,) 

Induced  Moleenlar  Currents, — (Sec  CmT' 
rents.  Induced  Moltcular^ 


{ 
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t  Berene  Cnrreiits.— (See 

tu,  Indti4:ed) 


Cur^ 


tanee The    mduction   of   a 

n  itself,  or  on  other  circuits. 

id  uc  lion. 

ti  now  generally  employed  instead  of 

ictioxi. 

pllieity  in  virtue  of  which  a  finite 

dtfve  force,  acting  on  a  circuit,  docs 

edi^itely  generate  the  full  current  due 

istance,  and  when  the  electromotive 

withdrawn,  time  is  required  for  the 

Itrtngth  to  fall  to  z^ro.—iFkming.) 

lity  by  virtue  of  which  the  passage  of 

ic  current  is  necessarily  accompanied 

absorption  of  electric  energy  in  the 

1  of  a  magnetic  field. 

luctance  of  a  circuit  dcpcndi; 

I  the  fbrm  or  shape  of  the  circuit. 

1  the  magnetic  permeability  of  the  space 

bg  the  drcuit. 

I  the  magnetic  permeabiKty  of  the  drcuit 

E  vaHatioiu  of  current  strength  in  clcc» 
kits,  inductance  la  not  unlike  mass,  or 
>f  inertia,  as  regards  variations  of  velo- 
mc  is  required  to  produce  vdodty  in  a 
^y  by  the  action  of  any  force;  so  also 
required  to  produce  a  current  by  the 
an  electromotive  force. 
BCtro-magnedc  energy  present  in  any 
rent  is  equal  to  the  square  of  the  current 
I  by  the  inductance.  Since  one  of  these 
the  current  strength)  represents  the 
I  other,  the  inductance,  mu»t  have  the 
lof  a  distance  or  length.     Inductance, 

ii  m^surable  in  units  of  length.  If 
ts  are  formed  of  magnctiiable  matcri&k, 
tance  of  a  circuit  is  the  ratio  lietwcen  the 
ctance  taking  place  through  the  drcuit 
rent  produdng  it« 
ircuit  is  formed  entirely  of  non- magnetic 

surrounded  entirely  by  materials  of 
nagnctic  permeability  (such  as  air,  in- 
nd  dJamagnctic  materials  generally),  the 
e  is  a  constant  quantity  and  depends 
le  form  or  shape  of  the  circuit.  In  this 
ytil  ind uctance  through  the  ciroiit  is  pro- 
to  the  magnetizing  force,  and  the  mag^ 
iCince,  or  the  magnetic  conductance  of 
ptk  drcuit,  is  equal  to  the  total  mduc- 


tion  through  the  circuit,  divided  t^  the  magned^- 
ing  force. 

In  cases  where  the  magnetic  circuit  is  partly  or 
wholly  of  paramagnetic  substances,  where  the 
induction  bears  no  constant  ratio  to  the  magnetiz* 
ing  force,  and  where  the  induction  takes  place 
partly  or  wholly  in  media  of  variable  permeability, 
the  co^efiicicnt  of  self  induction,  or  the  inductance* 
must  be  deBned  in  three  ways: 

fK)  As  the  ratio  between  the  counter  clcctru- 
motive  force  in  any  circuit  and  the  tmie  rate  of 
variition  of  the  current  producing  it. 

(2.)  As  the  ratio  between  the  toul  induction 
through  the  circuit  and  the  current  producing  it. 

(3»J  As  the  energy  associated  with  the  circuit 
in  the  form  of  magnetic  6eld,  due  to  unit  current 
in  that  circuit,  or  as  the  co<eE!icient  by  which  half 
the  square  of  the  current  must  Ijc  multiplied  to 
obtain  the  electro- kinetic  energy  of  the  circuit  at 
that  insiaxii.^  {Fleming,) 

A  flat  sheet  or  strip  of  metal  possesses  less  in. 
due  tance  than  a  round  conductor  of  equal  cross- 
section. 

Til  is  may  be  explained  by  conceiving  that  a 
flat  conductor  presents  a  greater  absorption  sur* 
face  to  the  dielectric, 

Thereforei  the  perfect  form  for  a  conductor 
transmitting  rapidly  alternating  currents  is  that 
of  a  flat  sheet  or  strip  of  copper,  or  preferably  a 
copper  tube. 

The  experiments  of  Hughes  show  that  the  in* 
ductancc  of  a  conductor  may  be  regarded  as  an 
eflr«:t  due  to  the  time  required  for  the  rapidly 
periodic  current  to  penetrate  the  conductor,  and 
that  the  decrease  in  the  inductance^  produced  by 
forming  the  conductor  of  a  strip  or  bar,  is  due 
to  the  decreased  distance  the  current  has  to  pass 
to  the  inner  parts. 

Indttctance,  Ab^tolnt^   Unit  of A 

unit  of  length  equal  to  one  centimetre. 

A  length  equal  to  an  earth  quadrant  or  Io» 
centimetres  is  called  the  practical  unit  of  induct- 
ance. The  practical  unit  of  inductance  was  form> 
crly  called  a  secohm  or  quadrant  It  is  now  gen- 
erally called  a  henry.     (See  Henry ^  A,) 

Indactttnee    Bridge,— (See   Bridge,  In- 

ducfanceJ) 

Ind  uctance,  Co-efHclent  of A  con- 
stant quantity,  such  that  whea  mukiplied  by 
the  current  strengfth  passing  in  any  coil  or  cir- 
cuit, will  represent  numerically  the  induction 
throug^h  the  coil  or  circuit  due  to  that  current 
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A  term  sometimes  used  for  co-efficient  of 
self -induction*     (See    Induction,    Ca-efficieni 

Inductance,  C^instant The  induct- 
ance which  occurs  in  circuits  formed  wholly 
of  non-magnetic  materials,  immersed  in  or 
surrounded  by  media  of  constant  magnetic 
permeability  or  magnetic  conductance  for 
lines  of  magnetic  force.  (See  Pirnuabiitt)\ 
MagH£iic.) 

When  the  lines  of  magnede  force  pass  through 
such  materlats  as  cvrdinary  iniulators,  or  disimsi^' 
netic  materials,  such  as  copper,  the  iruiuctAncc  is 
constant,  provided  the  geometric  form  of  the  cir- 
cuit remains  the  same. 

Inductance,   Formal,  of  Circuit 


That  part  of  the  counter  electromotive  force 
of  a  circuit  which  depends  on  the  form  of  the 
circuit. 

Iiiductaner\  or  HplMnductlon,  Pmc Ileal 

t'nitnr A  length  equal  to  the  earth 

quadrant  or  to"'  cenli metres* 

The  absoUUc  unit  of  inductance  is  equal  lo  i 
centimetre* 

Indm^tanre,  Owvillalory,  Electric — 

Inductance  produced  by  electric  oscillations, 

Iiidoctauee,  Tiiit  of A  term  now 

generally  usud  for  unit  of  self-induction. 

The  value  of  the  inductance  may  be  given 
cither  m  absolute  or  in  practical  units  of  induct 
ance.  The  absolute  unit  of  inductance  is  eYjuat 
to  a  length  of  one  ccntiroetrc.  The  practical  unit 
of  inductance  is  equal  to  1,000,000,000  centi- 
metres or  jQi  centimt'tres. 

The  practical  unit  of  inductance  was  Ibmierly 
calleil  a  secohm.  The  term  henry  is  generally 
used  for  this  unit.     (See  Ilettry^  A.) 

InduetaDCOt  Tariahle The  induc- 
tance which  occurs  in  circuits  formed  partly 
or  wholly  of  substances  like  iron  or  other 
paramagnetic  substances,  the  magnetic 
fjcrmeability  of  which  varies  with  the  inten- 
sity of  the  magnetic  induction,  and  where  the 
lines  of  force  have  their  circuit  partly  or 
wholly  in  such  material  of  variable  magnetic 
permeability, 

ladncllon. — An    influence   exerted   by   a 


charged  body  or  by  a  magnetic  field  on  ne^h- 
boring  bodies  without  apparent  conuiiunki- 
tion. 

A  medium  is  necessary  to  coooect  Ibe  bod; 
producing  the  induclion  and  that  tn  whic^thp 
induction  is  produced,  (Sec  Mdudioti^  Eitetrt. 
static.    fHdmtifin,  Afa^i$eti(.     /mdmrtioH^  £tntn» 

Indnctiun,  Apparent  CfM'fllHeiit  of 

— A  term  sometimes  used  for  co-efficient  of 
apparent  magnetic  induction.  (See  Indui* 
tnm,  Magnetic,  ApfiarcHt  Co^efficimt  oj,] 

it  is  called  the  apparent  co- efficient  of  inducttoa 
l:>ccause  its  value  is  different  from  what  il  v^jj 
be  if  the  eddy  currcnta  were  entirely  suppreat^. 
The  eddy  currenti  facieaae  the  resistance  of  \\^ 
primary  and  decrease  its  indtictance. 

Indnction-BalaReet  Rof hai* (Sre 

nalance,  Jn^kfCiion,  Hughes*) 

Inducttoiu  Balance  <if,  In  CaWo 

The  removal  of  induction  in  a  ciblc  br 
neutralization  by  the  presence  of  equal  and 
opposite  effects, 

A  balmce  is  obtained  of  the  induclive  ejf«cti^ 
the  ndgh boring  conductor^  whether  ja  tW 
bunched  cable  or  outside  of  it. 

IiidTieiUin-Br]d]?e.'(See  Brieve,  Indiu- 
ttiru-f\) 

Induction,  €o-e  flic  lent  of A  term 

sometimes  used  for  co-efficient  of  magnetic 
induction.  (See  Induction^  Magnetic,  Qh 
t'fficient  of) 

ladiictiou  Coll.— (Sec  Coil,  Indmtt(m,\ 

Indtictlou    Coil,    IiiTerl^d (See 

Coil,  India  t ion.  Inverted^     TransfarMfr] 

Induction^  Can  out ^A  term  soim- 

t  i  raes  used  f o r  vo  1  taic  in d  liction.  (See  Indnt' 
tion.  Voltaic,    Induction^  Elfctro*I}y\ 

ladactlon,  BL^ytumotrif  al«  of 

—An  induction  produced  bythe  josijgr 

of  a  different  number  of  line^  of  magnetic 
force  through  adjoining  halves  of  the  amir 
turc. 

Induction,  Electm-Dfiuuiilc Elec- 
tromotive forces  set  up  by  induction  in  c<m* 
ductors  which  are  cither  acttiaJly  or  piadiaUy 
moved  so  as  to  cut  the  lines  of  loigiuijc 
force. 


tive  fiorccv,  whicn  permitted  to 

gh  a  circuit,  produce  an  electric  current. 

^4fiiMDk  inductioa  maj  be  produced  in 

dt  ia  two  ways: 

r  causing  expanding  or  contracting  lines 

tic  lorcc  to  pass  through  that  circuit. 

r  causing  the  circuit  or  conductor  to  pass 

he  Uoes  of  magnetic  force. 

asei  the  lines  ot  force  are  made  to  pass 

the  conductor  or  wire. 

uc  four  cases  of  dectro^ magnetic  indue* 

kat  in  which  expanding  or  contractmg 
la^aetic  force,  produced  by  rapidly  vary  • 
umeot  in  any  circuit,  are  caused  to  pass 
or  cut  that  circuit  and  confequently  to 
iiflfcrcaces  of  potential  therein. 
ut  in  which  expanding  or  contracting 
lagnetic  force  produced  by  any  circuit  by 
ily  varying  strength  of  the  electric 
iossing  through  that  circuit,  arc  caused 
trough  another  ncighlxjring  circuit  and 
luce  diflerences  of  potential  therein. 
&at  produced  by  moving  a  condiACtor 
a  magneiic  field  sj  a>  to  cut  its  lines  of 
force.  In  this  way  the  strength  of  the 
field  may  remain  practically  constant, 
Btrength  as  regards  the  field  of  the  tixed 
r  is  varying,  as  the  mat,'net  producing 
eld  is  moved  toward  or  from  such  cir- 
m  this  way  dKTercnces  of  potential  arc 
in  the  circuit- 

lal  produced  by  moving  an  inducing  field 
ped  conductor.  This  may  he  accom- 
^Bloving  an  electro- magnet,  an  electric 
1 1^  permanent  magnet  past  the  cond  uctor 
Hbt  difference  of  potential  is  to  be  in* 

He  therefore  four  distinct  varieties  of 

'namic  induction: 

r  ind UG tion  or  inductance.     (See  Induct^ 

Itiial  induction,  or,  as  it  is  sometimes 
laic  current  induction .     (See  Jndntthn^ 

kctro^magnetic  induction,  or,  as  it  is 
(called,  dynamo.electric  induction. 
I^eto-electhc  induction . 
EnninaU  of  a  voltaic  cell  be  connected 
ndi  of  a  comparatively  long  coil  of  in« 
PCa  no  appreciable  spark  will  be  observed 
\  the  cell,  becau-^c  the  current  induced 
luction  is  in  the  opposite  direction  to  the 


current  of  the  cell  sind  weakens  it.  On  brcaktaf 
contact^  however,  a  spark  is  readily  observed. 
This  is  due  to  the  induced  current  on  breaking. 
which,  flowing  in  the  same  direction  as  the  cur- 
rent of  the  cell,  strengthens  it. 


Fig,  ^9^.    Mmtm*I  htdmctiam^ 

The  coil  B,  Fig,  299,  consists  of  two  paralld 
coils  of  insulated  wire,  the  terminals  of  one  of 
which,  called  the  primary  (oH^  are  connected 
with  the  battery  cell  P  N,  and  those  of  the 
other,  called  the  secondary  coil,  with  the  galva- 
nometer G. 

Under  these  drcumstuices  it  is  (bund: 

(I.)  That  at  the  moment  of  closing  the  drcuit 
through  the  primary  coil,  a  momentary  current 
is  produced  in  the  secondary  coil  in  a  direction 
opposite  to  that  of  the  current  through  the  primary^ 
as  is  shown  by  tlie  direction  of  the  deflecttoa  of 
the  needle  of  the  galvanometer. 

{2.)  At  the  moment  of  breaking  the  circuit 
through  the  primary  coil,  an  induced  current  is 
produced  in  the  secondary  coil  in  the  same  diree- 
tiifn  as  that  flawing  tf^&ugh  the  primary  cot  t, 

(3.)  These  induced  currents  arc  momentary, 
and  continue  in  the  secondary  only  while  the  in- 
tensity of  the  current  in  the  primary  is  varying, 
I.  ^.,  while  variations  arc  occurring  in  the  strength 
of  the  magnetic  field  in  which  the  secondai^  coil 
is  placed,  therefore  while  the  expanding  or  con- 
tracting lines  of  force  are  passing  through  the  sec- 
ondary coil. 

If,  for  instance,  when  the  current  is  established 
in  the  primary  coil,  and  no  cinr^it  exists  in  the 


F(g,  joo  'ftdmtUm, 

secondary,  the  intensity  of  the  current  in  Hk 
primary  be  varied  by  establishing  a  skmU  dradi 
acro^  the  battery  terminmls,  as  by  placing  a  shoet 
wire  d,  Fig.  joo,  in  the  mercury  cups  g,  g,  thia^ 
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ictic  field  so  as  to  cut  the  lines  of  magnetic 
iriil  have  a  difference  of  potential  generated, 
iu  circuit  is  closed  so  that  the  dtfferencc  of 
kl  can  neutralize  itself,  it  will  have  a  cur- 
foduced  in  it  by  induction. 
Siple  but  effective  manner  of  remembering 
lection  of  such  currents  is  that  proposed  by 

le  hand  be  held  with  the  fingers  extended, 
'%♦  3*^31  and  the  direction  of  t\\c /orejingtr 
l&t  the  positive  direction  of  the  lines  of 
f,  r*,  those  coming  out  of  the  N,  pole  of  a 
%  then,  if  a  wire  or  other  conductor  be 
In  the  direction  in  which  the  thMimh  points, 
I  cut  these  lines  of  force  at  right  angles, 
I  if  the  conductor  have  its  length  moved 
f  acro^  these  lines,  it  will  have  an  induced 
I  developed  in  it  in  the  direction  in  which 
^dU  finger  points.     (See  F&rce^  Lines  of^ 

the  same  thing  can,  perhaps,  be  even  more 
►   remembered  by         ^ 
[  %  piece  of  paper 
shape  shown  in^  ^ 
04,  marking  it  as  g  ^ 
,  and  then  bending  ^  % 
A  P.  upward  at  the  |  S 
line,  so  as  to  form      p 
ixcsftt  right  angles 
aoolher.  ^ 

kas  been  already  ^  ^ 
ted,  K  differ tnce  ^  ^  ^ 
a/,  and  not  a  cur*  £  5 
produced  by  mov-  " 
onductor  through 
leiic  field  so  as  to 
lines  of  force, 
n  be  shown  that  in  order  to  generate  a  dif- 
» of  potential  of  <7^j^  tW/,  ioo,ocx>,ooo  C.  G. 
I  of  force  must  be  cut  per  second, 
lectro.dynamic  induction,  the  induced  cur- 
produced  by  the  energy  absorbed  in  moving 
Iductor  through  the  magnetic  field.  Lcnz 
lown  that  in  all  cases  of  electro -dynamic 
bo,  produced  by  the  movement  cither  of 
piit  or  of  the  magnet,  the  current  induced 
Circitit  Is  in  such  a  direction  as  to  produce 
let  pole  which  would  tend  to  oppose  the 

^^    IHeetro-Mairiietlc A 
ctro-d)Tiam»c  induction  in  which 
t  cturents  are  produced  by  the  motion 

roJ.  1 


Dlreollbnol 
Motion. 
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fig*  304*   fl^mr tig's  Rui4. 


of  electro-magnets  or  electro-magnetic  sole* 
noids.     (See  Induction,  EUctro-Dynamic^ 

Induction,  Eleetnmtatic The  pro- 

duclion  uf  an  electric  charge  in  a  conductor 
brought  into  an  electrosutic  field. 

If  the  insulated  conductor  A  B,  Fig.  305^  be 
brought  into  the  positive  electrostatic  field  of  the 
insulated  conductor  C,  then, 

(lO  A  charge  will  be  produced  on  A  and  B,  as 
will  be  indicated  by  the  divergence  of  the  pith 
bolls. 

(2,)  This  charge  is  negative  at  the  end  A, 
nearest  C,  and  positive  at  the  end  B,  furthest 
from  Cf  as  can  be  shown  by  an  electroscope,  (See 
Eifctroscope.) 


B 


(3.)  The  charges  at  A  and  B,  arc  equal  to  each 
other  ;  for,  if  the  conductor  A  B,  be  removed  from 
the  field  of  C,  without  touching  it,  the  opposite 
charges  completely  ncutraliae  each  other. 

{4. )  If,  however,  the  conductor  A  B,  be  touched 
at  any  place  by  a  conductor  connected  with  the 
earthy  it  will  lose  its  positive  charge,  and  will 
remain  negatively  charged  when  removed  from, 
the  field  of  C.  It  is  in  this  manner  that  an  el^etro* 
ph^rus  is  chargedHi     (See  Electropkorns. ) 

(5.  J  The  amount  of  the  charges  produced  in  the 
conductor,  A  B,  can  never  be  greater  than  that 
in  the  mducing  body  C.    That  is  to   say,  'ho 


I 
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Fig*  S06^    Induciim  Prteedit  Attrmctim, 

negative  electricity  at  A,  may  be  sufficient  fa 
amount  to  neutralize  the  positive  charge  on  C,  if 
alio  H^ed  to  do  so.    In  point  of  fact  the  change  in- 
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dmxd  J9  less  In  amount  than  the  indudng  charge, 
accordmg  to  the  distance  between  C  and  A»  and 
the  nature  and  conditioji  of  the  medium  which 
separates  them 

The  attraction*  of  li^t  bodies  by  charged  sur- 
faces  are  due  to  the  opposite  charge  pruductnl  an 
Ihoic  parts  of  thi  light  bodies  tliat  arc  nearest  the 
Cihargcd  body 

The  pith  ball  B,  Fig  306,  suspended  by  a  siTk 
thread  between  an  insuIiiLcd  positively  charged 
conductor  A»  and  the  iminsuhitcd  conductor  C, 
tvill  receive  by  induction  a  negative  charge  on 
the  side  nearest  A^  and  a  positive  charge  on  the 
side  nearest  C,  It  is  therefore  attracted  to  A, 
where,  receiving  a  positrve  cnarge,  it  is  repelled  lo 
Cf  where  it  is  discharged  and  again  assumes  a 
vertical  position.  Induction  agjain  occurs^  and 
consequent  attraction  and  repulsion.  These 
movements  follow  one  another  so  long  as  a  suffi- 
cient charge  remains  in  A* 

Indnctlofl,    Farad ie,    Apparatus 

(See  Apparatus,  Faradic  Inductian.) 

InductliMi-Finiler.— (See  Fmder,  Induc^ 

Infliction,  Lateral An  inducttoti 

obsen'ed  between  closely  approached  portions 
of  a  circuit  throug:h  which  zn  impulsive  dis- 
cliar^,  such  as  the  disnrptivT  discharjge  of  a 
Le)'dcn  jar, is  }>assed  as  along  spark,  thereby 
making  the  resistance  of  the  circuit  hig^h. 

A  long  copper  wire,  bent  in  the  form  of  a  rec- 
tangle, has  its  free  ends  near  their  extremities 
bent  so  as  to  approach  within  half  an  inch  of  each 
other.  One  of  the  ends  of  the  wire  is  provided 
with  a  metallic  ball  and  the  other  end  connected 
with  the  earth.  If,  now,  a  Ley  den  jar  charge  is 
passed  tli rough  the  wire  by  connecting  the  outer 
coaling  with  the  end  of  the  earth-connected  wire 
and  holding  the  inside  coating  near  the  knob,  a 
spark  will  pass  through  the  half  inch  of  space  be- 
tween ihc  approached  portions  of  the  circuit* 

This  discharge  is  due  to  what  wa^  formerly 
called  lateral  inductlonr  The  diiicharge  of  a 
Ley  den  jar  is  an  oscillatory  discharge,  and  it 
passes  through  the  intervening  air  space  instead 
of  through  the  conductor  because  the  resistance 
of  the  laUer  to  the  rapid  alternations  produces  a 
counter  dcctro motive  force  which  acts  as  a  rc- 
astance  whose  value  is  greater  than  that  of  the 
airspace  itscE     (See  Path,  Aitfrnaiwe.) 


luductidi^  Mognetk 


-The  pn>duc- 


tion  of  magnetism  in  a  magnetizable  substance 
by  bringing  it  into  a  magnetic  field. 

Suppose  a  small  portion  of  a  magnetizable  body 
is  placed  in  a  magnetic  field  produced  in  a  ga.p 
separating  two  closely  approximated  poles,  Tu 
simplify  matters,  suppose  this  small  portioii  to  be 
a  free  unit  pole.  It  will  be  acted  on  by  two 
forces: 

(I.)  The  force  due  to  the  magnetic  6eld* 

(2,)  The  fbroe  dac  to  the  tree  magnetisiB, 
which  appears  at  the  surface  of  the  gap  or  cot 

The  force  on  the  unit  pole  is  compounded  of 
these  two  separute  force3,and  U  called  ihemagm^iu 
imJm'iian  of  the  space.  Magnetic  inddCtioa  n. 
therefore,  strictly  speaking,  a  quantity. 

The  direction  of  magnetic  force  and  the  mag- 
netic induction  are  the  same  in  an  air  space  out- . 
side  a  magnet.     Within  a  bar  of  irom  or  otkB  1 
paramagnetic  material,  under  induction  in  a  as 
netic  field,  the  magnetic  force  at  any  point  is  doe 
not  only  to  the  external  or  original  6eldt  but  alao  ■ 
to  the  field   produced  by  the  polarity  induced,  ■ 
which    acts    opposed  to  the  magnetic  force  at 
points.     Magnetic  Ibrce  and  magnetic  inductian 
are  identical  only  where  there  is  no  magnetism*^ 

When  a  magnetizable  body  ii  brtNiglit  into  a  1 
magnetic  field  the  following  phfinfimena  occor^  | 
viz.: 

(I.)  The  Lines  of  magnetic  force  past  tbroqgli 
the  body  and  are  condensed  upon  it.  (Sec  FiM^ 
Aiagntiu ,     Pa  ramngnetic. ) 

(2.)  If  the  body  it  free  to  move  around  an  aid%  J 
but  is  not  tree  to  move  bodily  towards  the  roaga^  j 
pole,  i\  will  come  to  rest  with  its  greatest  < 
or  length  in  the  direction  oi   the  lines  of  fovce; 
I,  ^*,  in  the  direction  in  which  it  will  ofier  die 
least  resistance  to  the  lines  oi  £oice  that  ttkread 
through  it. 

(3. )  The  body  will  therefore  beooaie«  1 
its  south  pole  being  situated  where  the  '. 
force  enter  it  and  its  north  pole  wbCTie  thcff  ] 
out  from  it.     Since  the  lines  of  magnetic  lofGe 
arc  assumed  to  come  out  of  the  north  pole  of  a 
magnet  and  to  enter  its  south  pole,  if  a  magnet- 
ixable  substance  is  brought  near  a  north  pole, 
the  lines  of  force  from  that  north  pole  will  enliBr 
It  at  those  parts  nearest  such  north  pole,  thereby  1 
rendering  such  points  south,  and  will  pais  out  < 
its  further  end,  which  witl  thereby  become  1 

(4,)  The  Intensity  of  the  induced 
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nd  on  the  oamber  of  lines  oCJbrce  that  The  value  of  the  co-efficient  of  apparent  indoc- 

gh  it.  tion  depends  on  tiie  amount  of  tlie  retaniaticm  oi 

riie  direction  of  \h^  axis  0/ tHftgm^^iixatttm  the  magneti»m;  or,  wluLt  u  the  sajtie  Uimg,  oa 

nd  on  the  dircciiuns  in  which  the  lines  the  strength  of  the  eddy  currents, 
thread  through  the  txxly,    (See  Axis\ 
) 


N  S  N*  S" 

/Jyf.  J07,    Magmsiic  htduiiJim^ 

rof  iron,  N'  S  ,Kiij.  507,  be  brought  near 
gnctked  bar,  N  S»  poles  will  be  produced 
>  induction,  as  may  be  shown  by  throwing 
n^s  on  it. 

nearer  the  body  to  be  magnetized  is  brought 

k  magnetizing  pole  the  greater  will  be  iLc 

r  of  lines  of  torce  that  thread  lliruugh  It 

cntty,  the  intensity  of  the  induced  niag- 

rjB  be  greater  ;  this  will  be  greatest  when 

t  actnaHy  touch  each  other. 

Iprtfdm'ti&n  of   muputism^  ihenfort,    by 

\cr  touch  is  &nty  a  special  case  af  the  f'ro- 

\  0/  magfututatipn  by  induction, 

rattnictioa  of  a  magnetizable  body  by  a 

;  pole  IS  caused  by  the  mutual  attraction 

\  between  the  pole  produced  by  indue* 

I  Che  pole  producing  the  induction,     ITiis 

a^  is  similar  to  the  attraction  caused 

ric  charge. 

f  following  tPTin!(  are  given  by  Fleming  as 
ed  ill  the  same  seasc  as  magnetic  induc- 


number  of  unit  tubes  of  induction 

through  the  area. 

he  number  of  lines  of  force  (induction) 
;  through  the  area.  — ( haradav. ) 
The  total  magnetic  induction  through  the 
\Majnt^€lL) 

The  Bux  or  flow  of  magnetic  induction 
\k  juiarea. — {Afascart  6-  youbcri,) 
[The  sarface-integral  of  magnetic  induction 
\  area .  —  ( Fleming, ) 

Brtlait,  Magnetic,  Apparent  C^m'III- 

^t The  co-efl5cicnt  of  induction 

uenccd  by  the  presence  of  eddy  cur- 

'  ft  called  the  co-eiEcient  of  apparent  in* 
K  faecauiie  its  value  b  not  the  same  as  it 
be  if  the  eddy  currents  were  entirely  sup* 


Indaetion,  Xii^iietie,  Co-eflelent  <if 

— A  term  sometimes  tised  instead  of  magnetic 
perme  ab  ility .    (See  Permeability,  Magnetic) 

The  ntio  existing  between  the  number  of 
lines  gf  m^^netic  indtiction  that  pass  througb 
any  area  of  cross-section  of  a  magnetic  cir- 
cuit and  the  magnetizing  force  prodticing 
such  induction. 

If  B,  equals  the  magnetic  induction,  orthemun- 
bcr  of  lines  of  force  that  pass  through  any  area  of 
cross -section,  and  H^  equals  the  magnetixiikg  force, 
and  /I,  equals  the  permeabiliiy^  or  the  co-e£^eikl 
of  magnetic  induction;  then^ 
B 
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Induction,    Maguclie,    Byunmk* — 

I'he  induction  which  takes  place  in  the  field 
of  a  nuiirnel  whose  fieki  is  moving  as  regards 
the  body  in  which  induction  is  occurring. 

This  movement  of  the  tield  may  be  attained, 

(1.)  By  the  movement  of  the  magnet. 

(2.)  By  the  movement  of  the  body  m  which 
induction  is  taking  place. 

( j, )  By  the  expansion  or  contraction  of  the  lines 
of  magnetic  force  produced  by  variations  of  the 
strength  of  the  magnetic  field;  or,  in  other  words, 
by  the  movement  of  the  field.  (See  Indmti&n^ 
Electro  Dynamic. ) 

Indnctlan,   Btitgnetle,   Flux  or  flow  of 

A  term  employed  in  the  same  sense 

as  the  magnetic  induction  which  takes  place 
through  any  given  area. 

The  flux  or  flow  of  magnetic  induction  is  equal 
to  the  magnitude  of  the  area  multiplied  by  the 
normal  induction  which  takes  place  in  one  unit 
of  that  area.  « 

Indiietion,   HavriM'lie,    LIaci^    of 

Lines  which  show  not  only  the  direction  in 
which  magnetic  induction  takes  place,  but 
abo  the  magnitude  of  the  induction^ 

A  line  of  induction  may  be  regarded  as  a  line 
along  which  induction  takes  place^  or  as  the  axis 
of  a  tube  of  induction. 

This  term  is  often  loosely  used  for  lines  of  force. 

Induction,  MaKtt«Ue,  static The 
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induction  which  takes  place  in  the  field  of  a 
magnet  whose  field  is  stationary  as  regards 
the  body  in  which  induction  is  occurring. 

The  term  static  magnetic  mducdon  is  used  in 
contradistinction  to  dynamic  magrnetic  induction 
which  occurs  in  a  moving  field*     (See  Indue tioHy 

Ittdaction^    9Iag:netie,    Surface-Integral 

af ■  — A  term  employed  in  the  same  sense 

as  the  magnetic  induction  which  takes  place 
over  a  given  area. 

Indnctlou,    Magneto  -  Electric A 

variety  of  electro-<lynamic  induction  in  which 
electric  currents  are  produced  by  the  motion 
of  permanent  magnets^  or  of  conductors  past 
permanent  magnets.  (Sec  Induction^  Elec^ 
ira-Dymamic.) 

Induction,  Mutual Induction  pro- 
duced by  two  neighboring  circuits  on  each 
other  by  the  mutual  interaction  of  their  mag- 
netic fields.  (See  Induction,  EUcira-Dj^ 
namic.     Currents,  Extra) 

Induction  produced  in  neighboring  charged 
conductors  by  the  mutual  interaction  of  their 
electrostatic  fields.  (Sec  Fieid,  Eiectro^ 
static) 

Tbe  mutual  Induction  of  two  conductors  or  cir- 
cuits, is  equal  to  the  ratio  af  the  induction  which 
takes  place  through  one  of  the  circuits,  to  the 
strength  of  current  in  the  other  circuit,  which  is 
producing  the  induct*':»n 

IndQctian,  Mutual,  Co-eiBcient  of 

The  quantity  which  represents  the  number 
of  hues  of  force  which  are  common  to  or 
linked  in  with  two  circuits,  which  are  pro- 
ducing  mutual  induction  on  each  other. 

The  maidmum  value  the  co-efEcient  of  mutual 
induction  can  have,  is  equal  to  the  square  root  of 
the  product  of  the  inductance  of  the  two  circuits, 
or  y'L  X  N^  hi  which  L  and  N,  are  the  constant 
co-efi&cicnts  of  self- induction  of  the  two  circuits. 


Induction,  Mutual,  Loopsof - 


—Loops 

or  lines  of  induction  produced  in  any  circuit 
by  variations  in  the  intensity  of  the  current 
flowing  in  a  neighboring  circuit. 

The  lines  of  induction  produced  by  a  circuit,  in 
which  a  current  of  electricity  is  flowing,  are 
closed  loops  or  circles  surrounding  the  circuit 
once  or  more.    The  wire  or  circuit  is  formed  by 


coiling  a  conductor  a  number  of  times  in  a  cir* 
cular  coil,  aiid  this  circular  coil  is  placed  near 
another  coil  in  which  a  varying  current  is  flowing. 
As  the  lines  of  induction  grow  or  increase, 
they  cut  the  circular  coil,  forming  lines  ol  indue* 
tion  in  the  shape  of  loops,  a  number  of  which  pasf 
around  it  They  are  called  loops  of  mutual  in- 
duction, 

ladaettoiif  Opeii<;ircitlt The  in- 
duction produced  in  an  open  circuit  by  means 
of  electric  pulses  in  neighboring  circuits. 

The  researches  of  Hertz  have  shown  that  when 
an  impulsive  discharge,  or  an  oscillatory  dis- 
charge, occurs,  an  induction  occurs  even  in  open 
circuited  conductors.  He  shows  that  these  Induc- 
tive etTects  are  due  to  electro-magnetic  waves  or 
oscillations  set  up  in  the  surrounding  etheri 
which  are  propagated  through  free  ether  with  the 
velocity  of  light.  When  these  clectro-magnctic 
waves  or  radiations  impinge  on  any  circuit,  H  i\3 
dimensions  be  suck  that  sympathetic  vibratiODi 
can  be  excited  therein,  such  vibrations  are  set  up 
and  cause  similar  phenomena  to  those  of  the  gi- 
citing  cause,  yiz*,  oscillatory  discharges  or  elcc* 
tro-magnetic  vibrations.  Hertz  calls  these  sym- 
pathetic circuits,  resonators,  from  their  rcscm* 
blance  to  acoustic  resonators.  (See  ^^x^vtaUrt^ 
Electric) 

Induction,    OsctlUtory A    name 

sometimes  applied  to  open-circuit  induction. 
(See  Induction^  Open-Circuit) 

Induction,  Reflection  of — A  term 

proposed  by  Fleming  to  express  an  action 
which  resembles  a  reflection  of  inducti^'e 
power. 

The  coils  A  and  B, 

B 


Fig*  308,  are  arranged  \ 


m 

shown,  90  as  to  act  as  the  primary  ^nd  secondaf^ 
respectively  of  an  induction  coil«   mod  ar«  piUce4 
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€DQJug»te  or  perpendicular  to  each  other.    (See 
^f//,    Con/ugate.)      Therefore,    no    sounds  are 
in  the  telephone  T,  when  the  current  is 
pidly  reversed.     If»  however,  a  pUte  of  copper, 
C,  is  placed  in  the  position  shown,  then  sounds 
are  heard  in  the  telephone.     The  action  here 
resemblo  a  reflection  of  the  inductive  action  from 
A  to  B,  by  means  of  the  plate  C.    The  exptana- 
tion  is,  of  course,  simple.     Though  A,  can  exert 
no  action  on  B,  because  the  two  coiU  arc  conju- 
gate  to  each  other,  yet  A,  can  produce  secondary 
currents  in  C ;  and  these  reacting  on  B,  produce 
tertiary  currents  in  C,  and,  therefore,  sounds  in 
^_^the  telephone. 


IndactlaiuSelf- 


-Induction  produced 


in  a  circuit  at  the  moment  of  starting"  or  stop- 

ling  the  currents  therein  by  the  induction  of 

ic  current  on  itself.     (See  Currents^  Extra) 

A  coil  having  unit  self-induction,  is  sometimes 

said  to  have  one  tube  of  induction,  or  line  of  force 
ded  to  its  field  for  each  increase  of  one  unit  of 

current. 

Indnctlan,  Self,  Ab»alate  Unit  of ^- 

.  term  sometimes  employed  for  absolute  unit 
^<if  inductance,      (See  Inductance^  Absolute 
Unit  of) 

Indoction*  Self,  Ayrtoa  k  Perry*8 
;  StAndjiFd  of A  standard  for  ihecom- 

rison  of  values  of  self-induction. 

The  standard  of  self-induction  of  Ayrton  & 
Perry  consbts  of  three  bobbins  of  wire,  two  fixed 
and  one  movable.  The  movable  bobbin  is  so  ar- 
ranged as  to  be  capable  of  motion  tbroug:h  I  So 
degr«ei  within  the  fixed  bobbins.  The  coils  are 
wound  on  the  sttr£u:e  of  ^he  zone  of  a  sphere. 

This  apparatus  permits  of  the  ready  compari* 
9on  of  the  self- induction  in  di^erent  circuits,  or  In 
the  same  circuit  under  different  conditions. 

IiHtnettoa,  Self,  Co-eflleieiit  of — 

■The  number  of  lines  of  force  the  current  would 
tkduce  or  enclose  in  itself  when  the  current 
owing  through  it  is  equal  to  one  absolute 
nit 

A  term  sometimes  employed  in  the  sense 
of  inductance  of  a  circuit. 

The  co-efficient  of  self-induction  is  defined  by 
Floning  as  follows  :  •*  In  the  case  of  circuits  con- 
▼eying  dectric  currents,  which  are  wholly  made 
o€  Doo-magnetic  material^  and  wholly  immersed 


in  a  medium  of  constant  magnetic  permeability, 
the  total  induction  through  the  circuit  per  unit  ot 
current  Bowing  in  that  circuit,  when  removed 
from  the  neighborhood  of  all  other  magnets  and 
circuits,  is  called  the  co-efficient  of  self-induction; 
otherwise  the  ratio  of  the  numerical  valura  of  the 
electro. magnetic  momentum  of  such  circuit,  and 
the  current  flowing  in  it,  when  totally  removed 
from  all  other  currents  and  magnets,  is  the  nu- 
merical value  of  the  inductance  of  the  circuit/* 

Since  the  magnetic  lines  due  to  a  current  in  a* 
circuit  thread  through  the  convolutions  of  the  cir- 
cuit itself,  any  variation  in  the  current  induces 
a  difference  of  potential  in  I  he  circuit  itself,  since 
the  lines  of  force  produced  by  the  current  in  the 
circuit  pass  through  or  cut  the  circuit. 

The  ratio  between  this  self- induced  electromo- 
tive force,  and  the  rate  of  change  in  Ihe  current 
which  causes  it,  is  called  the  co-efllcient  of  self> 
induction.-  [S,  F.  Thompson,) 

For  a  given  coil  the  co- efficient  of  self-induction 
iSj  according  to  S.  P.  Thompson  : 

(t.)  Proportional  to  the  square  of  the  number 
of  convolutions, 

(2.)  Is  increased  by  the  use  of  an  iron  core, 

(jO  If  the  magnetic  permeability  is  assumed  u 
constant,  the  co-efficicnt  of  self- induction  Is  nu- 
merically equal  to  the  product  of  the  number  of 
lines  of  magnetic  force  due  to  the  current,  and 
the  number  of  times  they  arc  enclosed  by  the 
circuit. 

Indiietlon,  Self,  Magnetic A  re- 
tardation in  the  appearance  of  magnetization, 
after  the  application  of  the  magnetizing  force, 
due  to  the  influence  of  the  magnetic  lag. 

Magnetic  retardation. 

This  retardation  in  the  magnetization  has  re- 
ceived the  name  of  magnetic  self-induction  or  re- 
tardation because  it  corresponds  to  Ihe  retarda- 
tion  in  the  starting  or  stopping  of  a  current,  in  a 
conducting  circuit,  due  to  the  self-induction  of  the 
current. 

iDdaotton,  Self,  Tnlt  of The  unit 

of  inductance.     (Sec  Inductance^  Unii  of.) 

The  unit  of  self-induction  is  now  generally 
called  the  unit  of  inductance. 

ladacilon*    Symmetrical,  of   Armature 

-An  induction  produced  by  the  simul- 


taneous passage  of  the  same  number  of  Un^ 
of  magnetic  force  through  adjoining  halve3  of 
the  armature. 
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ludaetiou   Telegraphy.  Cnrreut  ladiic* 

UoB  Bjrstcni  of (Sec  Telegraphy,  Jn* 

duitioH,  Current  Induction  System  of,) 

Indacttoa  Telegraphy,  St4tlc  Inductloii 

System  *>f (See   TtUgrapky,  Induc^ 

tioH,  Static  Induction  System  of,) 

Iiiduc  tion  Top,— (See  Top,  Induction.) 

InilRction,  Total   Maffiit*tic ^Thc 

total  magnetic  inductioii  of  any  space  h  the 
nomber  c  f  lines  of  magnetic  induction  which 
pass  through  that  space,  where  the  magnetiz- 
able ruaierial  is  placed,  together  with  the  lines 
added  by  the  magnetiiation  of  the  magnetic 
matenaU 

Induction^  Tubes  of— A  portion  of 

a  magnetic  field  containing  a  number  of 
closely  contiguous  lines  cf  induction  termi- 
nated by  equipotentiaJ  surfaces,  or  surtaces 
perpendicular  to  the  Unes  of  induction* 

Tubes  of  induction  possess  the  foUowbg  char- 
acteristics : 

(1.)  The  product  of  a  nnrnial  cross-section  of  a 
tiibe  and  the  mean  magnetic  induction  which 
takes  pUce  over  that  section  is  the  fame  for  all 
tross- sections  of  the  tube.  In  other  words,  tlie 
flux  or  flow  of  induction  is  constant  throughoafe 
the  entire  length  of  the  tiil^e, 

(1,)  The  normal  cross  section  of  any  equipotcn- 
lial  surface  at  any  point  of  a  tube  of  induction  is 
inversely  proportional  to  tbe  magnetic  induction 
at  that  point. 

(3  )  ^Ul  tubes  of  induction  form  endless  tubes. 
This  IS  necessary^  since  all  lines  of  iiiductiou  form 
closed  circuits, 

{4)  All  tubes  of  induction  may  lie  expressed 
by  a  single  line  of  induction,  which,  in  the  case  of 
a  uniform  field,  occupies  the  centre  of  the  tube, 
(See  Tcru^  Tubes  of.) 

Induction,  Toltaic A  variety  of 

electro-dynamic  induction  produced  by  cir- 
cuits on  themselves  or  on  neighboring  circuits. 

Mutual  induction.  (Sec  Induction^  EUc* 
tr a- Dynamic) 

This  kind  of  indue tion  is  usually  called  current 
induction, 

rndurtlon.  Unipolar —A  tcnn  some- 
limes  applied  to  the  induction  that  occurs 
when  a  conductor  is  so  moved  throuc:h  a 


magnetic  field  as  to  continuously  cut  its  lines 
Qi  force. 
If  the  cooducting  wire.  A  B  C»  Fig.  509,  be  f» 


^ 


tated  (in  a  direction  coward  the  obsenrer)  aroood 

the  pole  N,  of  a  magnet,  it  Mrilj  continuously  cut 
its  lines  of  ma^etic  force  in  practically  the  ftame 
direction,  and  will  therefore  produce  a  difierenc« 
of  potential  that  will  result  in  a  continuous  cur* 
rent  in  the  direction  of  the  arrows.  The  end  A* 
i%  supported  in  a  recess  in  N,  while  the  end  near 
C,  slidea  on  a  projection  on  tho  middle  of  the 
magnet. 

Unipolar  induction  occurs  in  the  coae  of  Stur- 
geon's wheel,  in  which  a  metallic  disc  rooun^ 
on  an  axis  1%  rotated  between  the  poles  of  a  m^- 
nct  so  as  to  cut  the  lines  of  magnetic  foice,  la 
this  case  a  diOerence  of  potential  fs  generated 
which  will  produce  a  current  that  6ows  froni  the 
axis  to  the  periphery,  provided  contact  points  arc 
placed  on  the  axis  of  rotafion  and  the  periphery 
of  the  disc  connectuig  these  parts  of  thedlac  iaa 
closed  circuit. 

Unipolar  dynamos  operate  by  the  conliaTlQIli 
cutting  of  lines  of  magnetic  force. 

Strictly  speaking,  there  is  no  such  thin^  as » 
unipolar  dynamo  or  unipolar  induction,  since  a 
single  mag^netic  pole  cannot  exist  by  itself.  Ojo- 
tinuous  cutting  of  lines  of  magnetic  force,  hair 
ever,  can  exist,  and  produces,  uni»kc  the  ordaiarf 
bipolar  induction,  a  continuous  current  without 
the  use  of  a  commutator. 

Tndaetli>nles9  Roslstance.  —(See  R^Usi' 
ana,  TnductionUss!) 

Iiiducthe  Capacity*  flf^eeUle  -^»  ^fSee 
Capacity^  Specific  Indmtivi*) 

ladoctlTO  CIrcatt— (See  Ctrcm7,  fm 

tire.) 


I 


HectromotlTe   Tarce,— (Sec 
5  RetardatloD*— [See  Rtiarda^ 

Wlillllll e.~(See  Reustaud, 

f^.  Specific  Magnetic 

ttimes  employed  for  specific  mag- 
ctivity,    (See  CanducUvity.  Spc' 

letcr,    Differential An 

W  measuring,  by  means  of  a  gal- 
the  momentary  currents  produced 
aLfge  ol  a  cable, 

roduced  by  the  discharge  of  a  cable 

rt  a  duration  that  they  do  not  pro- 

aore  than  n  momentary  eflect  on  a 

r  necd(c. 

tive  charge  in  a  cable,  Of  the  quan- 

city  produced  in  it  by  induction,  isi 

I7  as  the  ciectromotive  force  of  Iho 

»ry: 

lely  as  the  square  root  of  tlic  thick- 

lating  of  gutti-percha  or  other  insu- 

al  between  the  conducting  wires  and 


tly  as  the  square  root  of  the  diameter 
r  wire  of  the  conductor;  and 
idcnt  on  the  specific  inductive  cnpSL* 
emulating  material  employed  m  the 

Bnse  the  cable  discharge  to  more 
l^ct  the  galvanometer  needle,  Mr, 
k  employed  a  differential  instrument 
battery  and  thit-c  reversing  keys,  by 
ch  he  gave  a  rapid  iuc cession  of 
able.     He  called  the  instrument  a 

ae.— A  de^Hce,  suggested  by 
|!i1>y  Smith,  for  obtaining  electric 
im  between  moving  trains  and 
By  means  of  the  c^jrrenls  dcvcl- 
BctSon  in  a  spiral  of  wire  fixed  on 
eifirne,  by  its  motion  past  spirals 

t7  which  intennittent  currenis 
he  engine  is  pticed  «n  tHedrcidt 
K.   iSee  T<Uera0A  .  /  ductivt.S 


IniliietorB7]iuna,—(See  Dynamo^  frntm^ 

tor.) 

lEdnctoHiim. — A  name  sometimes  applied 
to  a  Ruhnakorff  induction  coil.    (See  0*X 

Ijie^iuality,  Annnal,  of  Earthed  Hagactle 

Tariation    or  IncUnation Annual 

variations  in  the  valtie  of  the  magnetic  vaiia* 
t ion  or  inclination  at  any  place.  (See  Varia* 
Won,  Magnetic.     IfuUnation^  Magmtic^ 

InQf|nallty,  Annnal,  of  Eiirth*s  Magnct- 
Inm —^^  -Variations  in  the  value  of  the 
earth's  mag^netism  during  the  earth's  revolu* 
tion  depending  on  the  positioTi  of  the  sun. 

Annual  variations  in  the  earth's  magnetism, 
(See  Variations^  Mag  net tc,  ArtPtua/,) 

Inequality,  Diurnal,  of  Earth'ii  Magnetic 

Tarfation   or  Inellnation Diurnal 

variations  in  the  \ alue of  tl\e  earth's  magnetic 
variation  or  inclination.  (See  Variation^ 
Magnetic.    Inclination,  Magnetic.) 

Ineqaality,  BiiiritaU  of  Earth's  Magnet- 

lain Inequalities  or  variauons  in  the 

value  of  the  catth's  magnetism,  dependent  on 
the  position  ol  the  sun  during  Jie  earth's 
rotation, 

Ineqiiallty,  tiuiAr,  ef  Earth's  Mag netle 
Tariation  or  Inclination  ^ —  —Small  va?* 
nations  in  the  value  of  the  magnetic  variation 
or  inclination,  dependent  on  the  position  of 
the  moon  as  regards  the  magnetic  meridian. 

fno(|natity.   Lunar,  of  EnrtU*3  Magnt't- 

t*.,!!!  — Small  variations  in  the  value  of 

the  earth's  magnetism  dependent  on  the  po- 
sition of  the  moon  as  regards  the  magnetic 
meridian. 

Inert  la.  ^The  inability  of  a  body  to  change 
its  condition  of  rest  or  motion,  unless  some 
force  acts  on  it. 

The  inertia  of  matter  is  expreswd  in  Newton*s 
iirst  law  of  rootiont  as  follows  *. 

**  Every  body  tends  to  preserve  its  stale  of  rest 
or  of  unifomi  motion  in  a  straight  ]ine„  except  m 
so  far  as  it  is  acted  on  by  an  impressed  force;** 

All  matter  possesses  inertia, 

lAortta,  El«*trlc A  term  soitie^ 

times  employed  instead  of  electro-magnetic 
inertia,     (See  Inertia,  Eiectra^Maen^tic.^ 


Ine»] 


S90 


Lias. 


A  term  employed  to  indi:ate  the  tendency 
of  a  current  to  resist  its  stopping  or  starting. 

By  self-induction  an  electromotive  force  ii  pro- 
duced in  a  wire  or  other  conductor  at  the  moment 
of  starting  the  current  in  it  that  tends  to  oppose 
the  starting  of  such  current,  and  also  an  electro- 
motive force  at  the  moment  of  stopping  tlie  cur- 
rent, in  such  a  direction  as  to  prolong  or  continue 
the  current.  In  other  words,  self  induction  tends 
to  retard  the  rise  or  fall  of  the  current. 

Fleming  traces  the  following  comparison  be* 
twecn  the  moment  of  inertia  of  a  rotating  wheel 
and  Ihe  energy  of  its  rotation  on  the  one  side,  and 
the  inductance  of  a  circuit  and  the  electro- mag- 
netic energy  of  the  circuit  on  the  other. 

(I.)  The  angular  momentum  of  a  fly- wheel  is 
equal  to  the  numerical  product  of  its  moment  of 
inertia  and  the  angular  velocity  of  the  wheel. 
Similarly  the  electro -magnetic  momentum  is  equal 
to  the  product  of  the  inductance  of  the  circuit  by 
the  current  Bowing  through  it  at  any  instant* 

(2.)  The  rate  of  change  of  the  angular  mo. 
mentum  of  the  wheels  at  any  instant,  is  a  measure 
of  the  rotational  force  of  the  couple  acting  at  that 
mstant. 

Similarly  the  rate  of  change  of  the  electro-mag- 
netic momentum  of  the  circuit  is  the  measure  of 
the  electromotive  force  acting  on  it  so  far  as 
mere  change  of  current  is  concerned,  and  irre- 
spective of  that  part  cfthe  electromotive  force  re- 
quired to  overcome  the  ohmic  resistance. 

An  electric  current  does  not  start  or  stop  in- 
stantaneously. It  requires  time  to  do  either^  just 
as  a  stream  of  water  or  other  fluid  docs,  and  it  is 
this  property  which  is  referred  to  by  the  term 
electric  inertia.  Inertia  does  not  appear  to  be 
possessed  by  electricity  apart  from  matter.  •♦It 
is  doubtful/'  says  Lodge,  "whether  electritity 
of  itself,  and  disconnected  from  matter,  has  any 
inertia. " 

Inertia,  Elcetro-Mii^netic —A  term 

sometimes  employed  instead  of  inductance, 
or  tbe  self-induction  of  a  current,  (See  7^- 
duclam^.    Inertia,  Elect rk,) 

Inertia,  E1ertra-Ma^net!€,C<Kefaeient  of 

A  term  sometimes  employed  in  place 

of  the  co-efficient  of  inductance  or  self-induct- 
ance of  a  cinrtiit. 

Inertia,  Magnetic -The  inability  of 

a  magnetic  core  to  instantly  lose  or  acquire 
magnetism. 


A  magnet  core  tends  to  continue  in  the  mag» 
netic  state  in  which  it  was  placed. 

The  magnetic  inertia  b  sometimes  called  the 
magnetic  lag. 

To  decrease  the  magnetic  inertia,  the  »tretigt]^ 
cf  the  magnetizing  current  is  increased  and  tht 
length  of  the  iron  core  decreased.  The  iron 
should  also  be  quite  soft  (See  Lag^  Mapteiu. 
Fierce ^  Corrdv€,) 

Inferred  Zero.— (See  Ziro^  Inferred) 

Inanity  Plug.— (Sec  Plug,  Infinity.) 

Influence, — A  term  sometimes  used  inst"  id 
of  electrostatic  induction*  (Sec  Induction, 
Electrostatic.) 

The  word  inHucnce  is  used  by  some  to  apply 
\o  the  case  of  electrostatic  induction,  as  distin* 
guiihed  from  electro>niagnetic  or  magnetic  induc- 
tion, 

Inflaenee  Cliarge. — (See  Charge^  Influ- 
enic.) 

InfliieDce  Machine. — (See  Machint^  In- 
fi lit' nee) 

Inker,  Morse  ^A  form  of  tele- 
graphic ink-writer.  (See  Ink-  Writer.  Tele- 
graphic) 

Ink-Writer, Telegratihtc ^— A  de\'icc 

employed  for  recording  the  dots  and  dashes 
of  a  telegraphic  message  in  ink  on  a  fillet  or 
strip  of  paper, 

A  telegraphic  ink-writer  is  a  form  of  tdcfripliic 
recorder,     (See  Kt^orJer,  Al^rse,) 

Insldo  Wiring,— (See  Wiring.  Intile) 

In!4olEtfon,  Electric ^  termsoine- 

times  employed  for  electric  sunstroke,  of 
electric  prostration.  (See  Sumirake,  Eke* 
trie*    Prostration,  EUctric) 

IngtaUatlon.— A  term  embracing  tlic 
entire  plant  and  its  accessories  required  to 
perform  ary  specified  wurk. 

The  act  of  placing,  arranging  or  creeling 
a  plant  or  apparatus. 

Installation,  Electric The  c5t;ii»- 

Hshment  of  any  electric  plant. 

An  electric  light  installation,  for  exantpk.  ^' 
dudes  the  steam  engine  and  boilerSi,  or  <rt^ 
prime  movers,  the  dynamo-electric  machinesi  ^ 
line  wires  or  leads,  and  the  lamps. 

Ini^Qlated  Body.-*{Sec  Bodv.  Imstdat^ 


^F^^ 


Ingalatiii^  C^meatB. — (See  Cemmts^  In* 
lmm^MLiin^  Sleere,— (Sec  Sieet'e,  Intula^ 

lusulatinf  StottU— {See  5/fw/,  Insula* 
ting,) 

InsnlAtln^    Tape.— (See    Tape^    Insula- 

%') 

Insnlatini?  Tub©.— (See  Tude,  Insula* 
ting.^ 

Insulating  YarnblL — (See  VarnisA,  El€C* 
trie) 

iBsnlatton,  El<^ctric Non-conduci- 

ig  material  so  placed  wiih  respect  to  a  con- 
luctor  as  to  prevent  the  Iqss  of  a  charge,  or 
the  leakage  of  a  current. 

In  the  case  of  coils  ibc  character  of  the  insula. 

*n  of  the  coil  of  wires  through  which  the  cur- 
rent is  to  pasi  must  be  con&idered  from  the  stand* 
point  of  the  cooling  of  the  coil  hy  radiation. 

In  considenng  the  safest  and  most  econoniical 
current  density  to  employ  in  any  dynamo  or 
motor,  the  depth  of  the  coil,  i.  f.,  the  thickness  of 
coils,  must  be  considered,  as  well  as  the  char* 

tcr  of  the  materials  employed  for  the  insulation. 

:li  substances  a^  silk  or  wool,  which  are  char- 

;ed  by  low  heat  conduction,  retain  the  heat 

iger  than  cotton.  Hence  the  depth  of  a  silk 
QOvered  coil  should  necessarily  be  le^s  than  that  of 
one  covered  with  cotton. 

Inhalation  Jotnt. — (Sec  Joints  Insula* 
iitm,) 

IiiAolatloiit  Porotis An  insulating 

inateri2l  containing  air  or  g^A  placed  between 
the  conductor  and  the  insulating  covering. 

A  strip  of  perforated  paper  is  used  for  cover- 
ing the  bare  conductor,  and  the  insulating  ma- 
terial is  placed  on  the  outside  of  this  ;  or^  a  cord 
is  wrapped  aeparatoly  around  the  conductor,  and 
the  insulating  matertalb  placed  on  the  outside  of 
this.  By  these  means,  as  wtlS  be  seen,  a  layer  of 
air  exists  between  the  conductor  and  its  insulating 
covering. 

In»iilAtlon  Reslstanoe.— (See  Resistance, 
Imsulati^n,) 

Tntiilfttlan,  Static  — A  term  em- 
ployed in  electro-therapeutics  for  a  method 
of  ircalmcnl  by  convection  stream^  or  dis- 


charges, in  which  the  patient  is  seated  on  an 
insulated  stool  connected  to  one  pole  or 
electrode  of  an  influence  mac-line,  while  the 
other  pole  or  electrode  is  connected  to  the 
ground. 

Insulator  Cap, — (See  Cap,  Insulator,) 

Insnlator,  Dlee-Box —A  name  some- 
limes  applied  to  a  double-cone  insulator.  (See 
Insulator^  Double-Cone.) 

Ingnlftton  Do«ble*Cane An  insu- 
lator in  which  the  line  wire  passes  through  and 
is  supported  by  means  of  a  lube  consisting  of 
two  inverted  cones  joined  at  their  smaller 
bases, 

Inattlmtor,  Double-Cup An  insula- 
tor consisting  of  two  funnel-shaped  cups^ 
placed  In  an  inverted  position  on  the  sup* 
porting  pin  and  insulated  from  one  another 
by  a  free  air  space,  except  near  the  ends, 
which  are  cemented. 

The  wire  is  wrapped  in  a  groove  on  the  outside 
of  Che  outer  cup.  This  possesses  the  advantage 
of  exposing  it  to  the  ralii^  which  thus  cleanses  the 
insulator  and  improves  its  power  of  insulation. 
The  inner  cup  is  supported  on  a  pin  and  the  outer 
cup  cemented  to  it.  Any  leakage  mnsU  there* 
fore,  pass  over  the  entire  surface  of  both  cups. 

Insulator,  Bonblf'-Shaekle A  form 

of  insulator  used  in  shackling  a  wire,  consist- 
ing^ of  two  single-shackle  insulators. 

Insulator,  Houhle-Slit'd —A  double- 
cup  insulaton     (See  Insulator,  DoubU'Cup.) 

Insulator,  Fluid An  insulator  pro- 
vided with  a  small,  internally  placed,  annular, 
cup-shaped  space,  filled  with  an  insulating 
oil,  ihus  increasing  the  Insulating  power  of  the 
support. 

The  line  wire  is  wrapped  in  a  groove  on  the 
outside  of  the  insulator.  Any  surface  leakage 
between  the  wire  and  ground  in  wet  weather 
must  occur  between  the  outer  surface  of  the  insu- 
lator, which  is  kept  cleansed  by  the  rain,  and  the 
inner  surface,  where  it  is  support od  by  the  pin. 
But  to  do  this,  the  current  must  croes  the  oU  in 
the  cup,  which,  from  its  high  power  of  insulation, 
effectually  prevents  leakage* 

Insulator^  Inrert   ««—  —An    Insulatoi 
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placed  on  the  io{> of  the  wire  instead  of  under*- 
Deaih  \i,  as  was  formerly  done* 

Insulator,   Oil A  fluid  insulator 

filled  v%ilh  oil,     (See  Insulator,  Fluid.) 

Insiiktor  Pins. — (See  Pins^  Insulator) 

Infmlaior,  Sinfle-Sbtckie —A  form 

of  insulator  used  for  shackling  a  wire.  (Sec 
Shackling  a  Win) 

Insulator,  Sln^le-Shed Aa  insula- 
tor with  a  single  inverted  cup. 

The  wire  is  wrapped  arouinl  a  groove  on  the 
outside  of  the  cup,  where  it  is  exposed  to  the 
deansiiig  action  of  the  rain.  The  cup  ia  inverted 
and  supported  on  a  pin^  to  which  it  is  screwed  and 
cemented, 

InsnUtor,  Telpgrnphic    or    Telephonic 

A   non-conducting  support  of   telc- 

jraphjc,  telephonic,  electric  light  or  otlier 
wiref. 

Imuiators  are  generally  made  of  glass^  earthen* 
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ware,  porcelain  or  hard  rubber,  and  assume  a 
variety  of  forms,  some  of  which  arc  shown  in  Figs. 
3lOt  311  and  31  s,  Ot  whatever  malerial  they  are 
made,  it  ia  necessary  that  the 
surface  on  which  the  wire  rests, 
or  around  which  it  is  wrapped, 
should  be  stuooth,  so  as  to  avoid 
abrasion,  either  of  its  insula t 
ing  covering  or  of  the  wire  It- 

•df: 

Two  things  are  to  be  con 
iidcred  in  the  selection  of  an 
Jkwulator,  vfjB . : 

(I.)  The  insulating  power  of 
the  material  of  which  the  in- 
sulator is  composed,  «o  as  to  Fi^.jtf,  Hitrd 
reduce  the  leakage  as  much  as  ^•'^A^  Jmmtmimr, 
potaible.     (See  Lcakn^t,  Electric) 

\^\  The  tensile  strength  ol  the  «i**iTi!i^    so 


that  in  case  of  heavy  wires  no  breaks  may  result 
from  the  fraciure  of  the  insulator: 

Some  fornu  of  insulators  are  shown  In  Figs* 
310,  %l%  and  312,  They  are  screwed  to  the  pins 
by  the  threads  shown.  The  insulating  materials 
of  which  they  are  lormed  are  of  glas%  porceUm 
and  hard  rubber  respec  lively - 

lD»iitator,  Wlmdow-Tobe ^A  luhe 

oi  vulcanite  or  other  insuUting  material  pro- 
vided for  the  insulation  of  a  wire  entering  a 
room. 

The  wire  conductor  passes  tlirough  the  mifklle 
of  the  tube,  which  is  firmly  ft\ed  m  an  opening 
passing  through  the  window  frame. 

Insulator*  Z  —^ — A  form  of  double- cup 

insulator  in  which  the  insulating  material, 
earthenware  or  porcelain,  is  made  in  a  single 
piece,  instead  of  in  two  separate  pieces. 

The  body  of  the  insulator  is  corneal  rn  foraw 
and  the  Interior  air  space  presoiks  a  shape  ap 
proxintately  that  of  the  letter  Z. 

The  double  form  is  used  in  order  to  dimiht^h 
the  leakage. 

Inti^ns^fty    Armatitre-^CSee    Arm^twrt. 

In  (tensity) 

Intensity,  Canneetioia  otToltale  Cells  for 

— A  term  formerly  employed  for  series 

connected  voltaic  battery  cells.    (Olisoleic.) 

Intensity,  MagneUo  -^  — Density  «l 
magnetic  induction. 

Magnetic  flux  per  square  centimetre. 

A  committee  of  the  American  Institute  of  Elec- 
trical Engineers  on  **l*mtt  and  Standajds,"  pro- 
poses  the  (blowing  definition  for  magnetic  inlcn- 
sily: 

The  induction  density  at  a  point  within  an  de^ 
ment  of  surface  is  the  siu'face  diflerential  at  chat 
point. 

The  practical  unit  of  magnetic  intensity  U 
to*  or  100,000^000  C.  G.  S.  lines  per  square  cen- 
timetre. 

In  practfcet  excluding  the  earth's  field,  inteiisi< 
ties  range  from  100  to  20,000  C.  G*  S.  tines  per 
square  centimetre,  and  the  working  unit  should, 
perhaps,  have  the  prefix  milli  or  mlcfo. 

Int4?nsity.  Magnetic,  Pole  of  —  ^The 
earth's  magnetic  poles  as  deierminied  by 
means  of  the  OBratoltofi^  ol  a 
needle. 
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fht  poinuot  the  earth's  greatest  in  acetic 
jtf. 

loteitiiity  of  Correttt— (See  Current,  //<- 

siiy  oJ\) 

Istffiftttf  0f  FleliL— {See  Fields  Intern- 
'fy  of) 

loti'Dsitj  af  Light— (See  Light,  InUn* 
ityof) 

laleiiltjof  ]Iag^etl3Uif!oii.'>(See  Mag- 
^iwrniicn,  Iniensiiy  of) 

Intensltj,  Photometric,  Unit  of -^ 

The  amount  of  light  produced  by  a  candle 
1  consumes  two  grains  of  spermaceti  wax 
|jer  minute,     (See  OtndU.) 

^^     Inter  Air  Space,— (See  Spaajnter  Air.) 

^H  IuteiTroMtii^.^Ina8y5temof  telephonic 
^Heommunication,  a  device  for  avoiding  the  dis< 
^Kitrbtng  effects  of  induction  by  aUemalely 
^Hfirossing  equal  sections  of  the  Hoe*  (See 
^^^onnection^  Telephonic  Cros^^ 

Interference       of       Electro-Ma^nctle 

PTfATCS,— tSec     Wav€S^     Ekctr^-M agnatic, 
inierftrence  of,) 
Interloeltliij?    Aiiparatoa^— -(Sec   Appa* 
^^^aius  Interlocking.) 

^^    Intermittent  C<nitju!t.— {See  Coniact,  /n- 
tirmitUnt^ 

fntermlttent  Cross,— A  form  of  electric 
^^doss.     (See  Cross^  Ehctric) 
^P    Intermit  tent  Current— (See  (7»rrtf  «/,/!»- 
^^  iermittent,) 

Intermittent  Blaconnectloii^Sc*  i^j. 

Ittmnectian,  Inttrmiiuni ) 
Intermittent  Earth*— (Sec  JSw-M. //i/^r* 
wntteni^ 
I  Internal     Clrcirit- (See    Circttit,     In* 

L  ternaL) 

^H  Internal  rolarizalion  of  Moist  Bodies,^ 
^B(S^  Polarization^  Iniernal,  of  Moisi 
^m  Middies.) 

Intemii^fer. — Any  device  for  interrupting 
or  btnldng  a  circuit. 

klilarropter,  Antomatlc —An  auto* 
;itic  contact  breaker  (See  Make^nd- 
|M^.  Automate) 


Intemipter,  Reed A  term  some- 
times applied  to  a  tuning-fork  intcmipter. 
(See  Inierrupier,  Tuning-Fork,) 

lEterrmpter,  Tunlng-Fork An  in- 
terrupter in  which  the  successive  makes  and 
breaks  are  produced  by  the  vibrations  of  a 
luning-fork  or  reed. 

The  tuning-fork  or  reed  is  maintained  in  vibra- 
tion by  any  suiUbie  means.  Such  Interrupteri 
arc  applied  to  various  uses.  Synchronous  mul- 
tiplex telegraphy  affords  an  example  of  such  uses. 

Iniariabie  Calibration  of  G alvanometer. 

— (See  Calil*raiion,  Invariable^  of  Calva* 
nameter.) 

InTt^rseEleotrnmotlve  Force,— (Sec  Forc*^ 
Mlectromolive^  Im^ersr.) 

Inters©  or  Make-Indnced  Current — (See 
Currenir  Make-Induced ^ 

Inrerse  Secondary  Cnrrent— (Sec  Cur* 
rent,  Intfcrse  Seamdarv.) 

luTersIoUp    ThtTiiio-ElectHc An 

inversion  of  the  thermo-electric  electromotive 
force  of  a  couple  at  certain  temperatures, 
(Sec  D iit^ ra m ,  Th ermo-Eiectric,) 

Invert   Inaulator.— (See  Insulator,   In- 

t'^rt,) 

iRTerted   Indnettoa    CotL^(See    Coil, 
Induction,  Inverted,) 
Inrerted   Type  of   Dynamo.— (See  Dy» 

namo,  InverttJ) 

Invisible  Electric  Flonr  Eattlng.— (See 
Matting,  Invisible  Electric  Floor,) 

I on»,— Groups  of  atoms  or  radicals  whtch 
result  frcm  the  electrolytic  dcconn)OSJtion  of 
a  mdlecuie. 

The  imis  are  respectively  etectT<>-po«itive  and 
doctro-negative.  The  electro-positive  ion  ap 
p<*ars  at  the  plate  connected  with  the  tl^tro 
tu^aUve  terminal^  or  at  the  katkodt^  and  is  catled 
the  kaihi^n. 

The  dcctro  ne^tivc  ion  appeiirs  at  the  ptate 
connected  with  the  eharo-poutit  t  terrnmal^  oi 
at  the  s^H9de^  and  is  called  the  ani^n,  (See 
EUctrolyiit,     Kathion.     Amon:\ 

Iona»  Eleetro-Negatlve The  neg- 
ative atoms,  or  groups  of  atoms,  called  lad* 
the  molecules  of  an  electto* , 
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lyte  arc  decomposed  oy  electrolysis.  (See 
Electrolysis^) 

The  electro-negative  ions  are  called  the  anions, 
because  they  appear  at  the  anode  of  a  decompo- 
sition cell.     \^tAni0fu*    AnoiU,) 

Ioiia>  Electro-PoRttlve The  pos- 
itive atoms,  or  groups  of  atoms,  called  rad- 
icals^  into  which  the  molecules  of  an  electro- 
lyte are  decomposed  by  electrolysis.  (See 
Electrolysis,} 

The  electro-positive  ions  are  called  the  kathions, 
because  they  appear  at  the  kathude  of  a  dccom. 
posilion  ctll.     (See  Kathion,     Kathode.) 

IroQ-Gail  Electro-llagiiet— (Sec  Afag^ 
net.  Electro^  Iron-Clad.) 

Iron-Clftd  Magnet,— (See  Afagnei,  Iron^ 

Cliitt) 

In>n  Ck»re,  Effect  of,  on  tlie  llo^notic 
Strength  of  a  Hollow  Coil  of  Wire — 

An  increase  in  the  number  of  lines  of  mag- 
netic force,  beyond  those  produced  by  t»\e 
current  ilself,  due  to  the  opening  out  of  the 
closed  ma^etic  circuits  in  the  atoms  or 
molecules  of  the  iron. 

The  atoms  or  molecules  of  the  iron  possess 
naturaDy  closed  magnetic  circuits,  or  closed  lines 
of  magnetic  forcci  lying  entirely  within  the  mass 
of  the  iron,  WTien  the  iron  is  placed  in  a  magnetic 
field,  these  minute  cbsed  circuits  open  out  and 
are  added  to  the  lines  of  force  produced  by  the 
circuit  itself^  The  opening  out  of  these  closed 
atomic  or  molecular  lines  of  magnetic  force  is  at- 
tended by  I  he  formation  of  lines  of  polarized 
molecules  or  atoms. 

Roughly  spealtmgj  according  to  Lodge,  for 
each  single  line  of  magnetic  force  produced  by  the 
electric  current,  there  are  some  3,000  lines  of 
magnetic  force  abided  to  it  from  the  iron,  the  ex- 
act number  varying  with  the  kind  of  iron,  the 
physical  condition  of  the  iron  and  the  degree  of 
magnetization, 

Il^n»  ^alyaoized ^Iron  covered  by 

a  layer  of  zinc  by  dipping  it  in  a  bath  of 
molten  rinc. 

The  process  of  galvanizing  iron  is  designed  to 
prevent  the  corrosion  or  rusting  of  the  iron  on 
cxpoiiirc  to  the  air.  (Sec  Afeials,  Electrical  Pro- 
itiiion  of.) 

The  word  galvanized  probably  had  its  origin  in 


an  assumed  galvanic  or  voltaic  action,  in  caxising 
the  xinc  to  adhere  to  the  iron*  The  true  galvanic 
or  voltaic  action,  viz.,  the  galvanic  pr 
comes  after  the  galvanizing  process  is  completi 

Iron-Work    Fault     of     Dynamo.— (See 

Faulty  Iron-  Work,  of  Dynamo^ 

Trreveralbl©  Heat,— (See //^fl/,  Irrgver si- 
dle:) 

Irritability,   Eleetdc  — Irriubiliiy 

of  nen'ous  or  muscular  tissue  by  an  eleclric 
discharge. 

IrritaUiltty,  Eleetrie,  niminighed 

A  decreased  irritability  of  nervous  or  muscu- 
lar tissue,  produced  by  an  electric  current  of 
given  strength. 

Diminished  electric  irritability  is  often  present 
in  certain  diseases  of  the  motor  apparatus. 

Irritability,  Eleetric,  Increased 

An  irritability  of  nervous  or  muscular  tissue 
produced  by  a  much  weaker  electric  current 
than  that  required  to  produce  it  in  normal 
tissue. 

Irritability,     Faradic  —Muscular 

contractions  produced  by  the  action  of  a 
faradic  current  on  a  nerve. 

The  action  of  the  faradic  cturrent  is  to  cause  a- 
prolonged  tonic  contraction,  which  continues 
while  the  current  continues.  Though  the  natural' 
action  is  to  produce  a  contraction,  folloM'etl  by  a 
relaxation  on  each  make  and  break,  yet  the  makes* 
and  breaks  follow  one  another  so  rapidly  that  the 
relaxation  has  not  time  to  occur  before  the  next 
contraction  iollows. 

Irritability,   OalTanlo Muscular 

contractions  produced  by  the  action  of  a  gal- 
vanic current. 

The  action  of  a  galvanic  current  is  to  cause  a 
single,  quick,  momenlary  contraction  of  a  muscl^i 
on  each  starting  or  completion  of  the  circuit. 

The  contractions  are  stronger  in  the  case  of 
galvanic  currents  when  the  direction  of  the  cur 
rent  is  reversed  with  a  commutator  instead  of  by 
an  actual  break  at  the  poles.     Such  a  break  i* 
called  a  voltaic  alternative,  and  the  currents  so  pro- 
duce 1  voltaic  alternatives*     (See   AlternMtttfe*^ 
Fffftaic.) 

Isobarlc  Lfnes*— (See  Ltn^s^  Isa^ar/rA 
Isoban.— Lines  conncctinjj  pi; 


cafth*s  surface  which  have  the  same  baromc^ 
trie  pressure. 

Tie  isobaxic  lines  arc  gciierally  corrected  for 
dtflerences  of  elevation  of  the  surface. 

Isobars  are  often  called  isobaric  lines. 

A  study  of  the  isobaric  lines,  or  isobars,  is  of 
great  assistance  in  making  forecasts  or  predictions 
oC  coming  changes  in  the  weather. 

ISOCkasmen    Curres.— (See    Curves,  Iso- 

IdOcliroiiisiii. — Equality  of  time  of  vibra- 

tHon  or  motion. 
I§ochroni2e.^-To    produce     equality    of 
Ime  of  vibration  or  motion. — (Sec  Isockron^ 
/smJ) 
Isochroiilziiif.— Producing      equality    of 
^   time  of  vibration  or  motion,     (See  hochrott- 
I  ism:) 

I9oc1ir0iion9  TibratloTig  or  Oseillation^ik. 
—  (See  Vibrations  or  Oscillations,  I sochr on- 
m$s) 

tlj»<>clltilc    Chart— (See    Chart,  Inclina- 
Hon:) 
Xsoclinlc  Lines.— (See  Lines,  Isoclimc) 
liodyiiaiiilc    Chart— (Sec  Chart,  Isody- 
mamic,} 

Y 

■  I4 — ^A  contraction  proposed  for  Joule. 

■  JaVloehkofT  Ciuidle.— (See  Candle,  Jab- 

m  hchkoff.) 

■  jacketed  Magnet— (See  Magnet,  Jack- 
€iid.) 

JMOhrs  Law. — (See  Law.  Jacob i*s,) 

Jar,  Electric  — —  —A  name  formerly 
B  given  to  the  Leyden  jar. 

Jar,  Lefden A  condenser  in  the 

form  of  a  jar,  in  which  the  metallic  coalings 
arc  placed  opposite  each  other  on  the  outside 
and  the  inside  of  the  jar  respectively. 

The  metat  coatings  should  not  extend  to  more 
than  two*third»  of  the  height  of  the  jar»  the  rest 
of  the  glass  being  varnished  to  avoid  the  creeping 
of  the  charges  over  the  glass  in  damp  weather. 
The  inside  coating  is  connected  by  means  of  a 


Isodynanitc    LitiefC~(See  Lines,   Isady- 
mimic.) 
Isodyn^mle    Map.^ 

namic.) 

I»(i*Eleetrtc    Folots.— (See    Points,  Iso- 

Electric:} 

IsogonaL^Pertaining  to  the  isogonic  lines, 
I^goual  Lines*,— (See  Lines,  IsogonaL) 
I^ogronal  Map  or  Chart— (See  Map  or 

Chart t  IsogonaL) 
Isotonic. — Pertaining  to  the  isogonal  lines. 
Lso^onics  Chart— (See  Chart,  Isogonic) 
I»o^onfc  Lines.— (See  Lints,  Isogonic:) 
iHogonlc  Map.— (See  Map,  Isogonic.) 

Isolated  Bectiic  Li^htlngr.— (Sec  Lighi-- 

ing.  Electric,  Isolated) 
Isolatlne,— A  kind  of  insulating  material, 
I»otheriDal  Sarfacea.— (See  Surfaces,  Iso- 
thermal) 

Isotropio    Coodnctor,- (See    Conductor, 

Isotropic) 

Isotropic  Medliiitt.--(Sec  Medium,  lio^ 

iropic) 


I 


metallic  chaiii  to  a  knob  on  the  top  of  the  jar,  as 
shown  in  Fig.  313.  The  conductor  supporting 
the  knob  passes  through  a  dry  cork  or  plug  of 
some  insulating  material. 

To  charge  the  jar,  the  outside  coating  Is  cod* 
nected  with  the  earth,  as 
by  holding  it  in  the  hand, 
and  the  outside  coating 
is  connected  with  the 
conductor  of  a  machine* 
(See  Condenser.  A  cat' 
mttlitor  ) 

The  inner  coating  of 
the  jar  U  usually  con- 
nected with  the  knob  by 
means  of  a  chain  or  wire 
as  shown  above.  This  necessitates  a  support  for 
the  ball  and  stem,  which  is  generally  obtained  by 
a  cork  or  wooden  plug  inserted  in  the  mouth  of 


Z- 
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-'^"f.  St 3.    Uyden  Jar, 


Jar.1 


the  jar*  Such  a  form,  however,  is  extremely  ob- 
jcctifmablc,  since,  although  the  top  of  the  jar  be 
tovcred  with  shellac  varnish  to  avoid  leakage,  it 
afibnls  Wat  a  poor  insulation  in  damp  weather,  be- 
cause both  the  metallic  rod  supporting  the  ball  and 


the  damp  wood  or  cork  are  in  coonection  with  the 
glass  and  thus  facilitate  leakage. 

To  overcome  these  objections  a  form  of  jar  Has 
been  devised  by  Sir  William  Thomson,  in  which  the 
knob  is  lapported  on  three  ioct,  which  rest  on  the 
inner  coating.  In  this  form  the  uncoafced  glass 
can  lie  readily  kept  dry  and  dean.  This  form  ia 
shown  in  Ftg.314* 

A  layer  of  sulphuric  acid  is  sometimes  employed 
for  the  innt^r  coating  of  the  Leydcn  jar.  This 
jerves  the  double  purpose  of  acting  as  a  coating 
and  an  absorber  of  moisture  during  damp 
weather. 

Jar,    Li^ydeii,    Capacity  of The 

quantity  of  electricity  a  Leydcn  jar  will  hold 
at  a  given  difference  of  potential 

The  capacity  of  a  jar  is  e<iual  to  the  quantity 
of  dectridty  divided  by  the  difference  of  potential 
such  quantity  produces  in  the  jar;  or  the  capacity 

=  ^,  where  Q  =  the  quantity,  and  V,  the  differ* 
ence  of  potent ial. 

Jar,   Leydcn,    Coatings  of (See 

Caatit^s  cf  Leyden  Jar^) 

Iwt^  Iilf  htnlngr A  Leyden  jar,  the 

coatings  of  which  consist  of  metallic  filings. 

As  the  discharge  passes,  an  irregular  scries  of 
spaiks  appear,  which  somewhat  resemble  in  their 
shape  a  lightning  flash.  Hence  the  origin  of  the 
term. 

Jar  or  Secondary  C4?ll.— The  containing^ 


vessel  in  which  the  plates  of  a  sinj^e  secondary 
cell  are  placed. 
Jar,  Porous *— A  porous  cclL    (Sec 

Cell,  Parous.) 

Jar,   Selnlillatin^ A  Leydcn  jar. 

the  coatings  of  which,  instead  of  being  formed 
of  continuous  sheets  of  tin-foil  or  other  con- 
ducting substances,  are  formed  of  small  pieces 
of  such  substances^  placed  at  regular  intervals 
on  the  glass  or  dielectric  so  as  to  leave  a  small 
space  between  them. 

Such  a  jar  has  received  the  name  of  scintillal' 
mg  jar,  because  when  discharged  by  coonectiiig 
its  two  opposite  coatings  the  discharge  appears  as 
minute  sparks,  which  jump  across  the  tpaoe 
between  the  metallic  pieces. 

Jar,  Uni  t A  small  Leyden  jar  some- 
times employed  to  measure  approximately  the 
quantity  of  electricity  passed  into  a  Leyden 
batttry  or  condenser. 

As  shown  in  Fig.  315,  the  unit  jar  consists  of  a 
small  Leyden  jar  j,  whose  outer  coating  is  coo^ 
nected  with  a  sliding  metallic  Q  i 
rod  b^  provided  at  each  end 
with  a  munded  knob,  and  the 
inner  coating  of  which  is  con- 
nected with  a  metallic  knob  c» 
placed  as  shown,  inside  a 
glass  jar  d,  opposite  a  ball  on 
the  lower  end  of  b. 

When,  now,  the  inside  of 
the  unit  jar,  or  the  end  con- 
nected with  c  is  connected 
with  the  charging  source,  such 
as  a  machine,  and  the  outside 
at  a,  is  connected  with  the  jar 
or  jars  to  be  charged,  for  ^ 
every  spark  that  passes  be- 
tween d  and  c,  a  dcRrii'te  quantity  has  passed  a*^ 

The  value  of  this  unit  charge  may  be  varied  by 
varying  the  distance  between  d  and  c. 

The  smaller  the  unit  jar  is  in  proportion  to  the 
jar  to  be  charged,  and  the  shorter  the  dtstenoe 
l>eiween  c  and  d,  the  more  reliable  are  the  com* 
parative  results  obtained. 

Jars,  Leyden,  €har^iti|^,  hj  Cnseade 

— (Sec  Cauadi^  Charging  Ltyden  J^ri  by^ 
Jet,    Oas,    Carcisl    gtiuidard A 

lighted  gas  jet  employed  for  determining  the 
candle-power  of  gas  by  measuring  the  height 


Fig,3tS' 


of  &  jet  of  gas  burning  under  a  given  press- 
ure, and  used  in  connection  with  the  hght  of 
,  a  lai^er  gas  burner,  burning  under  similar 
reoiidlionSp  for  the  photometric  measurement 
[irf  dettric  lights. 


Fig-  3tJ.    Cmrrtl  O^mdlf 

111  Kg.  316  is  shown  a  acctioa  of  a  seven-carccl 
itaiiaard  ga&  jet,  ami  in  Fig.  317,  a  section  of  a 
cmdlcr  buirnci,  connected  within,  the  same  service 
pipe.  Tlic  gas  for  hoth.  burners  13  received  in  a 
chamber,  finom  whence  it  passes  by  an  opening  to 
the  burner,  under  the  constant  pressure  obtained 
by  the  weight  of  the  bell  C,  ard  the  tube  A.  The 
burner  shown  in  Fig.  317,  which  Is  used  as  the 
standard  of  comparison,  will  give  a  candle-power 
determined  from  the  height  of  the  jet  of  the 
burning  gas.  This  lieight  is  measured  in  milli- 
metres by  the  motion  of  a  circular  screen. 

Til-  determination  of  the  candle-power  of  gai;  by 
means  of  a  jet  photometer  is  only  approximately 
correct,  unless  many  precautions  arc  taken. 

Jet  Photometer.— (See  Phatometer./eL) 

Jewelry,  Eleetrlc Minute  iocan- 

cscent    electric  lamps  substituted  for  the 
er  gems  in  articles  of  jewel  r). 
Th<  lamps  arc  lighted  by  m<?an5  nf  small   pri. 
r  or  storage  battertes,  carried  in  the  packet  or 
irhere  on  the  person. 

Jafnt,    Amerlean    Tirist A  tele- 

^Jfiarphic  or  telephonic  joint  in  which  each  of 
he  two  wires  is  twisted  around  the  other, 
cc /.?/«/,  Teligrapkk  &r  Tdepkcnic) 


fif  S^tS^  Jtmriiwn  T^mai  jWh^* 


The  American  twist  joint  is  shown  in  Fig.  3iS» 
Tkis  joint  li  cjasily  made  and  is  very  aerriceabic^ 

J#iiit,  BelMangcr's A  joint  for 

telegraphic  or  telephonic  wires  in  which  the 
ends  are  merely  looped  together.  {See/aini, 
Telegraphic  or  Telephonic) 

Jotiit,  BHtatinfa A  telegraphic  or 

telephonic  joint  in  which  tite  wires  are  laid 
side  by  side,  bound  together  and  subsequently 
soldered.  (See  Joint,  Telegraphic  sr  Tele~ 
phiinic) 


Fiff.jti^.    Brit  iim 


J^nt, 


Thie  Britannia  joint  is  shown  in  Fig.  519.  Jlb» 
t6  wire,  11.  W.  G.,  ituaed  aa  the  binding  mre. 

Joint,  Btitt An  end-to-end  joint. 

A  joint  effected  in  wires  by  placing  the 
wires  end  on  and  subsequently  soldering. 

Butt  joints  are  formed  by  bringing  the  ends  to 
be  joined  together  and  iecaring  them  white  in 
such  position* 

Joint,  Bntt  and  Lap,  of  Beltist  — ^  -—The 

joint  in  a  leather  belt,  employed  for  transmit- 
ting power  from  a  line  of  shafting  where  the 
ends  are  simply  brought  together  and  laced, 
is  called  a  butt  joint,  in  contradistinction  to  a 
lap  joint,  or  a  joint  formed  by  placing  one  end 
of  the  belt  over  the  other  and  lacing  or  rivet* 
ing  the  two. 

In  using  delicate  galvanometers,  the  slightest 
change  in  the  speed  of  the  engine  driving  the 
dynamo-dectric  machine  producing  the  current, 
causes  an  annoying  fluctuation  of  the  needle  that 
prevents  accurate  reading,  when  lap  joints  arc  used 
in.  the  b  It  instead  of  butt  joints,  unless  the  fbrnter 
are  very  c  archly  made.  Lap  joints  may  also  cause 
a  flickeiiog  in  the  lights.  When,  however,  lap 
j  >ints  are  made  by  cutting  the  belt  by  an  obUrjue 
section  and!  properif  securing  them  sa  that  tfteir 
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devrntion  sit  tlie  joint  fa  no  greater  tliAn  ebewtee, 

the  tap  joint  is  preferable  to  the  butt  joint. 

Joint,  Expansion A  joint  for  under- 
ground conductors,  tubes  or  pipes,  exposed 
to  considerable  changes  of  temperature,  in 
which  a  sliding  Joint  is  provided  to  safely 
permit  a  change  of  length  on  expansion  or 
contract  ion. 

Ji)fnt^  Insulation A  joint  in  an  insu- 
lating material  or  covering  in  which  a  conti- 
nuity is  insured  in  the  conducting  as  well  as 
the  insulating  substance. 

Joint,  Lap A  joint  effected  by  over- 
lapping short  portions  near  the  ends  of  the 
things  to  be  joined,  and  securing  them  while 
ia  such  position* 

Joint,    Lap,    for    Wires A    joint 

effected  between  two  wires  by  oveiiapping 
their  ends  and  subsequently  soldering. 

Joints  Magnetic ^The  line  of  June* 

tion  between  two  separate  parts  of  magnetiza- 
ble materal. 

Magnetic  joints  should  be  of  such  a  nature  as 
to  permit  the  passage  of  the  lines  of  magnetiG 
force  with  the  least  increase  in  the  resistance  ol 
theioagnetic  drculL 

Magnetic  joints  in  the  field  magraets  of  a  dynamo- 
electric  machine  should  be  as  few  as  possible,  ainoe 
the  resistance  of  the  best  magnetic  joint  to  the 
passage  of  the  lines  of  force  is  necessarily  greater 
than  that  of  the  same  material  without  such 
joints. 

Joint,  Metallic  Conducting  ^ A  joint 

in  a  conductor  in  which  a  continuity  of  con* 
ducting  power  is  secured. 

Joint  ReBistanee  of  Parallel  Circuit^,— 
(See  Resist  a  nee  t  Joints  of  Parallel  Circus  ts^ 

Jointn,  SleeTe^^— — A  junction  of  the 
ends  of  conducting  wires  obtained  by  passing 
them  through  tybes  and  then  twisting  and 
soldering. 

All  joints  should  be  soHered,,  but  in  so  doing 
care  must  be  taken  that  the  soldering  liquid  or 
solid  employed  is  free  from  acids  or  other  corro- 
sive matQ-lalSf  and  that  all  traces  of  the  soldering 
liquid  or  solid  are  removed  from  the  wire  before 
I  the  joint  is  covered  with  insulating  material. 
Kerite,  okonifcc  or  other  insulating  tape,  should 


pncferablf  be  wrapped  around  the  joint  ifter 
it  is  soldered. 

In  making  a  joint  in  a  g^tta-percha  covered 
wire,  such  as  a  submanne  cable,  the  foUcyiring 
method  may  be  employed:  The  bared  and 
cleansed  wires  are  twisted  together  and  soldered. 
The  soldered  joint  is  then  covered  with  i  liyo* 
of  plastic  Insulating  material  made  of  a  znixture 
of  gutta-percha,  tar  and  rosin*  (Sec  CkatteriOfCt 
Campound.)  In  order  to  insure  a  good  junction 
between  thi^  and  the  gutta*percha  covering  on  the 
rest  oC  the  wire,  the  outer  surface  of  the  gutti* 
perch  a  is  removed  for  about  two  inches  from  each 
side  of  the  joints  so  as  to  remove  its  oxidized  sur* 
focc*  After  the  coating  is  put  on,  it  is  warmed 
gendy  by  a  warm  joining  tool,  not  by  the  flame 
of  a  lamp.  A  sheet  of  warmed  gutta-percha  is 
then  wrapped  around  the  joint,  and  while  it  and 
the  joint  are  still  hot,  another  coating  of  the 
plastic  insulating  material  ts  applied.  Successive 
layers  of  gutta-percha  and  some  other  insulatJng 
material  are  generally  applied  in  the  case  of  sab- 
marine  cables* — ( Odley , ) 

iFoint,  T^legrraphtc,  Melntire's  Parallel 

Sleeve ^— A  joint  for  telegraphic  or  other 

wiresi  in  which  the  ends  to  be  joined  arc 
slipped  into  parallel  sleeves  or  tubes,  which 
are  afterward  twisted  around  each  other. 

A  genera!  view  of  the  parallel  sleeve  joint,  both 
before  and  altef  twistingi  is  shown  in  Fig.  -pfx 


The  twisting  is  done  by  means  of  the  spedallj 
devised  twisting  clamp  shown  in  Fig*  321. 


Ff^.  32 1.  Tvahimi  CUmp/fP'  MclmitWt  Pkra/M  ymmU 

Joint,  Telegraplileor  Telephonic — 

A  juncture  of  the  ends  of  two  electric  con- 
ductors so  as  to  insure  a  permanent  junc- 
tion whose  resistance  shall  not  be  appreci- 
ably greater  per  unit  of  length  than  that  of 
the  rest  of  the  wir«. 
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In  auldng  a  jointi  cate  should  always  be  taken 
Id  tcrmpe  Ihe  insulating  material  froai  the  wires 
•ad  dttfi  tbdr  smfuxs  before  twisting  them  to- 
getber. 

Tciegrmph  wires  were  formerly  jomed  by  the 
ordlniry  bell-hangers*  joint;  that  i%  the  wires  were 
iiiiiplj  looped  together.  The  constant  vibrations 
ID  whicb  the  wires  are  lubjected  caused  such  a 
joint  to  be  abandoned  and  an  improvement  incro- 
dnoed  by  bolting  the  ends  together,  as  abown  in 


/"«-.  J  J*.     7iU^a/Aic  yoint. 


Joint,  Testtngof- 


-Ascertaining  the 


resistance  of  the  insulating  material  around 
a  joint  in  a  cable. 

The  resistance  of  the  insulating  material  of  a 
cable  at  a  Joint  is  necessarily  high,  since  Ihe 
Joini  forms  but  a  small  part  of  length  of  the  cable. 
It  dioiild  oot«  howerer,  be  large  as  compared  with 
aa  equal  length  of  another  part  of  the  cable  with 
a  perfect  core* 

Two  methods  for  testing  cable  joints  are  gener- 
ally employed*  ▼!£.  % 

(I.)  A  conductor  Is  diarged  through  the  joints 
for  a  given  time,  and  tbe  deflection  obtained  by 
Hi  discharge  compared  with  the  discharge  of  tbe 
same  condensar  charged  for  an  equal  tength  of 
tiiae  through  a  few  feet  of  perfect  cable, 

(2,)  A  charged  conductor  is  permitted  to  dis. 
charge  itself  through  the  joint,  and  the  amount 
lost  in  a  given  time  noted. 

For  description  of  diBerent  metbods,  see 
Kcmpe^s  **  Handbook  of  Electrical  Testing/* 

laolad.— A  tcnii  proposed  for  the  Joule. 


This  term   Is   not   generally  adopted.     (See 

Jonle^^The  unit   of   electric   energy  or 
work. 
The  volt-coulomb. 

The  amount  of  electric  work  required  to 
raise  the  potential  of  one  coulomb  of  elec- 
tricity one  volt. 

The  jou!e  may  be  regarded  as  a  unit  of  energy 
or  work  in  general^  apart  &om  electrical  work  or 
energy. 

t  joule , . , , ,  ■»  10,000,000  ergs. 

t  joule.. *♦ ^  .73732 foot-pounds* 

1  joule . . . . , ^  I  voU-coulomb. 

t  ]oule« . , , , ^=  .24  calorie. 

4.2  joules ==  t  small  calorie. 

1  joule  per  second  =^  t  watt* 

The  British  Association  proposed  to  call  one 
joule  the  work  done  by  one  watt  in  one  second. 

Joule,  as  a  Heat  Unit, — The  quantity  of 
heat  developed  by  the  passage  of  a  current 
of  one  ampere  through  a  resistance  of  one 
ohnn,  (Seeyi?«f/cr.) 

Jottle  Effect— (See  Effect,  JouU:^ 

Jottle's  Cylindrical  EUTtro-Mo^net^ 
(See  Magnet^  Electro, /oule* s  Cyiindrical,) 

Joide*§  Law.— (See  Laws  o/foule,) 
Janctloa  Box*— (See  Box,/uHctim) 
Jnmp-8park    Bumen  —  (Sec     Burner, 

lump- Spark,) 
JnDctlon,  Therm&^Electric*— A  junction 

between  any  thermo-electric   couple.    (Sec 

C<*  Tktrm^EUciric,} 


t— A  contraction  for  electrostatic  capa- 
city,   (Sec  Capacity,  Electrostdtic^^ 

JL  ft  C. — In  electro-therapeutics,  a  bfief 
netbod  of  writing  kathodic  closure  contrac- 
tkiwor  the  effects  of  muscular  contraction 
•bscrved  at  the  kathode  on  the  closure  of  a 
dicoit 

K.  0,  ft— In  dectro-therapeutics,  a  brief 
nethod  ol  writing  kathodic  duration  con* 


traction*  or  the  effects  of  muscular  contrac- 
tion observed  at  the  kathode  after  the  current 
has  been  passing  for  some  time, 

E*  W.— A  contraction  for  kilo-watt,  (Sec 
Watt,  Kih) 

Kaolin,— A  variety  of  white  clay  som©- 
times  employed  for  insulating  purposes. 

JablochkoS'  sometimes  employed  kaolia  be- 
tween the  parallel  carbons  of  his  electric  candle 
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for  the  purpose  of  iosulating  them  from  each 
crtber.  He  also  devised  an  electric  lamp  in  which 
ft  spark  of  considerable  dlierence  of  potential^ 
obtained  from  an  ordinary  induction  coil,  was 
caused  to  raise  a  surface  of  kaoUo  to  incan* 
dcsceace  by  passage  over  it. 

Kapp  Lilies.— (See  L/furs,  ICapp.} 
KartaTert.=— A  kind  of  insulating  mateiiaL 
Katelectrotoims*— A  word  sometimes  used 
instead  of    kathetectrotoaus.     (See  Katk^* 

iecirotonus^ 


State*  *- (See    State, 
^ne.  —  (Sec     Zone, 


Kathelectrotoitlc 

KaikeUctrotonic^ 
Katheleetrotonlc 

Katkehctrotonic^ 

Kathelectrotiiiins, —  In  electro-therapeu- 
tics, the  condition  of  increased  functional  ac- 
tivi^  that  occurs  in  a  nerve  in  the  neighbor- 
hood of  the  kathode  or  negative  electrode, 
(Sec  Electrotonus.) 

fijithlon, — The  electro-positive  ion,  atom 
or  radical  into  which  the  molecule  of  an 
elect ro1>le  is  decomposed  by  electrolysis, 
(See  EUctr&iysts,    Ions,) 

JCa^kiati  is  sometimes  written  caihion* 

In  electrolysis  the  kathion^  or  the  cIectIt>-pQ8l- 
trve  ion  or  radical,  appears  at  the  kathode  or 
electro-negative  electrode.  Similarly,  the  atuon^ 
or  the  electro  negative  ion  or  radical,  appears  at 
the  anode  or  the  electro -positive  electrode. 

Katbodal.— Pcrtaining  lo  the  kathode, 
(See  Kathode.) 

£attio4e. — The  conductor  or  plate  of  an 
electro-decomposition  ceU  connected  with  the 
negative  terminal  or  electrode  of  a  battery  or 
other  source. 

Tlic  word  kathode  is  sometimes  appUed  to  the 
negative  terminal  of  a  battery  or  source,  whether 
connected  with  a  decomposition  cell  or  not.  It 
is  preferable,  however,  to  restrict  its  use  to  de- 
composition  cells.     (Sec  AnoJe.) 

The  word  kathode  is  somedmes  written  eaifwde. 

Eathndie.— Pertaining  to  the  kathode* 
(See  Kathode^ 

KAthcHlic  Electro-BVftgnogtfi;  Reactions, 
— (See  Reactions,  Electro^Diagnosiic^ 
KeeperoC  Hiif  net— (See  Magmii,  Keeper 


Kerftet-^An  insulating  materiaL 
Kerr  ElTftct— (Sec  Eject,  Kerr.) 
Key  Board.— (See  Board.  Key) 

Key,  (^prUarjr  Contact A  formol 

fluid  contact  in  which  the  circuit  is  closed  or 
broken  by  means  of  a  wire  which  is  dippd 
into  or  removed  from  the  surCace  of  a  trass 
of  mercurj^ 

In  order  to  avoid  an  increase  In  the  rcststaDOt 
of  the  circuit,  due  to  the  fomiadon  of  oxide  d 
mercury,  the  contact  sur&ce  of  the  mercury  ts 
kept  covered  with  a  layer  of  dilate  alcohol. 

K^j,  Bl9eliarg<^ —  A  key  employed  to 

enable  the  discharge  from  a  comicsiau  or 
cable  to  be  readily  passed  through  a  galva- 
nometer for  purposes  of  measurement* 

Key,  Di^liarge,  Kempe's A^ 

chajge  key  constructed  as  shown  in  Ttg,  32> 


The  solid  lever,  hinged  atone  extremity,  pUfi 
between  two  cootacts  connected  to  two  termBuls, 
and  has  two  finger  triggcn  at  its  free  cad  mtsM 
*♦  Discharjre  "  and  '*  Insulate  **  connected  rcspcfr 
lively  to  two  ebonite  hooki.  The  book  altaciod 
to  that  marked  **  Discharge  "  is  a  litde  higher tte 
the  other,  so  that  when  the  lever  is  caught  ^Lsputd 
it,  the  key  rests  in  an  intermediate  po!-*  .m  !»• 
tween  the  contact?,  and,  when  caught  a^*.^*itti* 
lower  trigger,  it  rests  against  the  bottom  contact. 
When  in  the  last  position^  a  depression  of  the 
**  Insulate  *'  trigger  causes  the  lever  to  spring  ip 
against  the  second  hook,  thus  insulating  it  fhvi 
either  contact,  and  on  the  depresdon  of  tlie  **  D 
charge  "  trigger^  the  kver  springs  up  against  I 
top  contact 

Key,    Blfichorfe,  Webb's A 

charge  key  constructed  as  shown  in  Fig,  j 

A  horizontal  lever  I^  Fig.  324,  passing  betweea 
two  contacts  and  hinged  at  J,  is  presaed  upwaid 
by  a  spring*  The  fr«c  eod  of  this  lever  ttrmU 
nates  in  (wo  steps^  i  and  2.  A  vertical  lever,  fa» 


an 
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vided  with  an  insnktin^  handle,  Is  jointed  at  J'» 
andlkAsat  C,  ai  projecling  metallic  tongue  that 
cB^ngcs  in  the  upper  step  when  the  lever  H,  is 
vttticaif  and  on  the  lower  step  when  it  is  slightly 
monrcd  from  the  free  end* 

When  the  projection  C,  rests  on  the  lower  step 
%  the  Icrcr  L,  is  intermediate  between  the  top 
axtd  bottom  contacts*  and  Is,  therefore,  discon. 


\^ 


pieces,  i«  2,  3  and  4^  senre  to  m^ke  contacts  with 
apparatus  tised  in  connection  with  the  key. 

The  battery  circuit  is  connected  to  I  and  2, 
and  the  galvanometer  to  3  and  4,  so  that  the  bat 
tery  circuit  is  close*!  first,  and  the  galvanometer 
a^fterwarda.  This  form  of  key  is  used  in  connec- 
tion with  the  Whcatstone  Bridge. 

Key,  Ik^uhle-Cantact,  Laiuhcrt^s 

A  key  used  tn  cable-work,  and  constructed 
as  shown  in  Ftg*  326, 


aacted  from  dtber  of  them;  but,  when  it  rests  on 
die  upper  step,  it  is  in  contaa  with  tlie  lower 
contact. 

When  the  lever  11,  is  so  moved  as  to  have  the 
projection  C,  away  from  both  steps,  the  lever  L, 
is  pressed  by  its  spring  against  the  upper  contact. 

The  battery  ta-minals  arc  connected  with  the 
GODdenser  tcrmioals  when  the  lever  L,  ts  touching 
the  lower  contact,  but  when  the  lever  L,  touches 
die  top  contaATt,  the  condenser  is  connected  with 
te  galvanometer  ternunals. 

Keft  Baulil^-Contuct  Farm  of  Bridge, 

S^figne^s A  key  designed  to  succes- 

dfdy  close  two  separate  circuits. 


f'.  SMS'    Sfra^fwt't  IMmUt-Camti^ct  A>f» 

%ngae's  double-contact  key  is  shown  in  Fig. 
On  depressing  K,  the  contacts  c,  c»  arc  first 
I  and  afterwards  contacts  at  c*,  c*.    Metallic 


In  Thomson's  method  for  the  determination  of 
electrostatic  capacity,  the  capacity  of  the  cable 
is  compared  with  that  of  a  condenser  containing 
a  known  charge.  Tliese  two  charges  are  so  con- 
nected electrically  as  to  discharge  into  aad 
neutralize  each  other  if  equal,  but  if  not,  to  pro* 
duce  a  galvanometer  deflection  by  a  charge 
equal  to  tUeir  dififcrencc, 

A  Lamlx^rt  double  contact  key  is  shown  in  Fig. 
326,  The  connections  are  such  that  the  pushing 
forward  of  K»  depresses  keys  that  permit  a  bat- 
tery to  simultaneously  charge  the  condenser  and 
the  cable.  On  drawing  K,  back,  the  twocharges 
are  allowed  to  mix.  Then  on  depressing  K,  the 
difference  of  the  charges,  if  any,  is  discharged 
through  the  galvanometer. 

Key,  Il©nbl«»-Tapper The  key  used 

in  a  S)Stem  of  needle  telegraphy  to  setid 
electric  impulses  through  the  lines  in  alter- 
nately opposite  directions.  (Sec  Telegraphy ^ 
Singh-NecdU^ 

Key,  Increineiit A  telegraphic  key 

so  connected  that  an  increase  or  increment 
in  the  line  current  occurs  whenever  the  key  is 
depressed. 

The  increment  key  is  used  in  duplex  and  quad- 
ruplex  systems  of  telegraphic  trauimission. 

Key,  Incroment,  of  Qtuidrtiplex   Tele* 

gmplilc  System — A  key  employed  io 

increase  the  strength  of  the  current  and  so 
operate  one  of  the  distant  instruments  in  a 


Key.] 
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quadniplex  system  by  an  increase  in  the 
strength  of  the  current,  (Sec  Telegraphy^ 
Quadrupkx^ 

Key,  Mag neto-Ele<* trie A  tele- 
graph key  (or  sending  an  electric  impulse 
into  a  line,  so  arranged  that  a  coil  of  wire  on 
an  armature  connected  with  the  key  lever  is, 
by  the  movements  of  the  key,  moved  toward 
or  from  the  poles  of  a  permanent  magnet,  the 
movements  of  the  key  thus  nroducing  the 
currents  sent  into  the  Une. 

Key,  Plug A  simple  lorm  of  key  in 

which  a  connection  is  readily  made  or  broken 
by  the  insertion  of  a  plug  of  metal  between 
two  metallic  plates  that  are  thus  introduced 
into  a  circuit. 

A  form  of  plug  key  is  shown  in  Fig.  327. 


Key,  ReterslD^. 
graphic  System 


[Key. 

of  Qnadnii»lex   Tele- 
-A  key  employed  la 


reverse  the  direction  of  the  current  and  so 
operate  one  of  the  distant  instruments,  in  a 
quadruplex  system,  by  a  change  in  the 
direction  of  the  current.  (See  TcUgrapky^ 
Quadruplex,) 

Key,  Sliort-Cireult A  key  which 

in  its  normal  condition  short  circuits  the  gal- 
vanometer. 


Key,  Eeversingr  — -A  key  inserted  in 

the  circuit  of  a  galvanometer  for  obtaining 
deflections  of  the  needle  on  either  side  of  the 
galvanometer  scale. 

A  form  of  reversing  key  is  shown  in  Fig.  328. 
The  galvanometer  terminals  arc  connected  lo  the 
binding  posts  2  and  3,  and  the  circuit  terminals 
to  the  Other  two  posts.    On  depressing  K,  the 


Fif.  jsq^    Shffri-Cinuit  Kty, 

Such  a  short-circuit  key  is  provided  for  the 
purpose  of  protecting  the  galvanometer  from  in- 
jury by  large  currents  being  accidentally  passed 
through  its  coils.  In  the  form  shown  in  Fig*  329, 
the  spring  S.  rests  against  a  platinum  contact; 
but  when  depressed  by  the  insulated  head  at  K 
it  rests  against  an  ebonite  contact,  and  throwi 
the  galvanometer  into  the  desired  circuit. 

The  key  is  provided  with  double  binding  posts 
at  P  and  N^  for  convenience  of  attachment  to  re- 
sistance coils,  batteries,  etc. 

In  the  form  of  a  short-circuit  key  shown  in  Fig. 
33CS  a  catch  is  provided  for  the  purpose  of  keep- 
ing the  key  down  when  once  depressed.  lU 
arrangement  will  be  readily  understood  from  IB 
inspection  of  the  (igure. 


Fig.  3iS\     Revtrwimg^  Key, 

OOffent  flows  m  one  direction  and  on  depressing 
K*,  It  flows  in  the  opposite  direction.  Clamps, 
operated  by  handles,  are  provided  so  as  lo  close 
either  of  the  keys  pennanenlly,  if  so  desired. 


Fif.  JS^'    Sk^rt-'Ctrcmft  A'ey, 

Key,  SUdinpr-Contoiet The  key  cm- 
ployed  in  the  slide  form  of  WheaCstone 
bridj^e,  to  make  contact  with  the  win:  over 
which  the  sliding  contact  passes.  (Scc 
Bridge,  Electric,  Slide  Form  o/:) 
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lonarj  Floor  - 


-Ab  electric 


push  button  placed  on  the  floor  so  as 
^dily  closed  by  the  foot. 

Ibrm  of  key  is  especially  suitable  for  use 
lection  with  an  electric  bell  and  aimandft- 
peadily  calling  an  attendant.     (See  Ammrn^ 

I  Tclegrapliic The    key    cm- 

for  sending  over  the  line  the  successive 
and  breaks  thai  produce  the  dots  and 
\  of  the  Morse  alphabet,  or  the  deflec- 
f  the  needle  of  the  needle  telegraph. 
\Ugraphy,  American  System  of,] 
L — A  recoil 

Ung  ColL— (See  Coii.  Kicking) 
\  {as  a  prefix).— On^  thousand  limes, 
lanip^re. — One  thousand  amperes. 
Munpdre     Balance.— (See     Balance, 
nfikre,) 

}AjJke. — One  thousand  dynes.  (See 
I 

tgramme.— One  thousand  grammes, 
%t  pounds  avoirdupois.  (See  PVejgA/s, 
i  System  0/4 

Ifoiile. — One  thousand  joules. 
nmetre. — One  thousand  metres. 
Uratt — One  thousand  watts. 
pwati  Hour.— (See  Hour,  Kilowatt,) 
&.— A  unit  of  velocity  proposed  by  the 
I  Association, 

ke  equaU  1  centimetre  per  second, 
etic  Energy,— (See  Energy,  Kinetic) 
liio  Tlieorj  of  Matter,— (See  Matter, 
fir  Theory  of) 

pUca»  Electro — A  term  somc- 

kriied  to  the  phenomena  of  electric 
Bbr  electricity  in  motioup  as  distin- 
■  from  electrostatics,  or  the  phenom- 
^  electric  charges,  or  electricity  at  rest. 
ito^rapli. — A  device  for  the  simultane- 
production  of  a  distant  stage  and  its 
under  circumstances  such  that  the 
\  be  heard  at  any  distance  from  the 

\  heard  by  the  distant  audience  are 
ductions  of  those  uttered  during  the 


performance,  though  not  at  the  time  of  thdr 
utterance.  The  appearance  of  the  stage  and  its 
actors  represents  the  appearance  of  a  previous 
reproduction  of  the  play  or  opera  or  other  per- 
formance^  as  taken  by  means  of  a  Kodak  camera 
with  a  tilm  cylinder  and  drop  shutter,  operated 
by  an  electric  motor,  exposing,  say,  forty  plates 
a  second.  By  means  of  a  projecting  lantern  these 
photographic  pictures  arc  thrown  on  a  curtain  on 
a  stage  at  the  distant  theatre  in  regular  order  of 
sequence,  while  a  loud- speaking  phonograph 
puts  song  and  speech  into  the  mouths  of  the 
mimic  actors  and  thus  gives  tbe  phantom  stage 
the  semblance  of  life  and  reality. 

Kite,  Franklin's A  kite  raised  in 

Philadelphia,  Pa.,  in  June,  1752^  by  means  of 
which  Franklin  experimentally  demonstrated 
the  identity  between  lightnings  and  eleciricity, 
and  which*  therefore,  led  to  the  invention  o£ 
the  lightning  rod- 
It  is  true  that  Dalibard,  on  the  loth  of  May, 
1752,  prior  to  Franklin's  experiment,  succeeded 
in  drawing  sparks  from  a  tall  iron  pole  he  had 
erected  in  France;  This  experiment  was,  how  * 
ever,  tnt-d  at  the  suggestion  of  Franklin,  to  whom 
it  mast  properly  be  ascribed. 

A  clescriptiofi  of  this  kite  is  given  by  FranklJn 
in  the  following  letter: 

Letter  XI,  irom  Bknj.  Franklin,  Esq.,  of  Phil- 
adelphia, to  Peter  Collinson,  Esq,, 
F.  R.  S,.  London. 

**OCT.  19.  1752, 

••As  frequent  mention  is  made  in  public  papers, 
from  Europe,  of  the  success  of  the  Philadelphia 
experiment  for  drawing  the  electric  fire  from 
clouds  by  means  of  pointed  rods  of  iron  erected 
on  high  buildings,  etc*,  it  may  be  agreeable  to 
the  curious  to  be  informed  that  the  same  ex  peri* 
mcnt  has  succeeded  in  Phila<;lelphia,  though 
made  in  a  different  and  more  easy  manner,  which 
is  as  follows: 

**  Make  a  small  cross  of  two  light  strips  of  cedar, 
the  anns  so  long  as  to  reach  to  the  four  corners  of  a 
large  thin  handkerchief  when  extended;  tie  the 
comers  of  the  handkerchief  to  the  extremities  of 
the  cross,  so  you  have  the  body  of  a  kite,  which, 
being  properly  accommodated  with  a  tail,  loop 
and  string,  will  rise  in  the  air  like  those  made  of 
paper,  but  this,  being  of  silk,  is  fitter  to  bear  the 
wet  and  wind  of  a  thunder  gust  without  tearing. 
To  the  top  of  the  upright  stick  of  the  crott  is  to 
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be  fixed  a^erf  sharp  pointed  wire  rising  a.  foot 
or  more  above  the  wood.  To  the  end  of  the 
twine,  next  the  band,  is  to  be  tied  a  silk  Hltbon, 
and  where  the  silk  and  twine  join,  a  key  may  be 
fastened.  This  kite  is  to  be  raised  when  a  thun- 
der gust  appears  to  be  coming  on,  and  the  per- 
son  who  holds  the  string  must  stand  wiihin  a 
door  or  window,  or  under  some  cover.  90  th.it 
the  silk  ribbon  may  not  be  wet,  anil  care  mn^t  be 
taken  that  the  twine  does  not  touch  the  frame  of 
the  door  or  window.  As  soon  as  any  of  the 
thunder  clouds  come  over  the  kite  the  pomted 
wire  will  draw  the  electric  fire  from  them»  and 
the  kite,  with  all  the  twine,  will  be  electrified, 
and  the  loose  filaments  of  the  twine  will  stand 
out  every  way,  and  be  attracted  by  an  approach- 
ing finger.  And  when  the  rain  has  wet  the  kite 
and  twine  go  that  it  can  conduct  the  electric  fire 
ijneely,  you  will  find  it  stream  out  plentifully  from 
the  key  on  the  approach  of  yoiir  knuckle.  At 
this  key  the  phial  may  be  charged,  and  from 
electric  fire  thus  obtained  spirits  may  be  kindled, 
and  all  the  other  electric  experiments  be  per. 
formed,  which  are  usually  done  by  the  help  of  a 


L. — A  contraction  for  co-efficient  of  in- 
ductance.    (Sec  Inductance^  Co^fficimi  of.) 

L. — A  contraction  for  length, 

Labilo  OalTftnization. — (See   Gaivanisa' 

Lay,  Angle  of The  angle  through 

which  the  axis  of  magnciism  of  the  armature 
of  a  djTiamo-electric  machine  is  shifted  by 
reason  of  the  resistance  its  core  o0ers  to  sud- 
den reversals  of  magnetization. 

An  armature  of  a  bi  polar  dynamo  electric  ma- 
chine has  its  magnetism  reversed  twice  in  every 
rotation.  The  iron  of  the  core  resists  these  mag* 
netic  reversak.  The  result  of  this  resistance  is  to 
shift  the  a&is  of  magnetism  in  the  direction  of  ro- 
tation^ The  angle  through  which  the  axis  has 
thereby  been  shifted  is  called  the  af^le  of  lag. 

The  term,  angle  of  lag,  is  soimetimes  incorrectly 
applied  so  as  to  include  a  similar  result  produced 
\^  the  magnetizatjon  due  to  the  armatorc  current 
itoelL  It  is  this  latter  action  which,  in  armatures 
Vflk  soft  iroa  cores,  is  the  main  cause  of  the  angle 


ittbbed  glass  globe  or  tubet  and  thereby  thr 
•ameness  of  the  electric  matcer  with  thai  04'  h^kt 
ning  completely  demonstratisd. 

Knife  Break  Switch.— (See  Switch,  Kn^f 
Break,) 

Knot  or  Nautical  MIk. — A  lengtk  c(|usl 
to  6,087  feet. 

The  EngUsh  statute  mile  is  equal  to  5,280 iNt 
The  value  of  thenatitiral  mile  is  therefore iacKgw 
of  that  ot  tlie  statute  mile, 

KohlraiiJuch's  Lmr.  —  (See  Law  of  JCdf- 

rattsc/t) 

Krizik's  Bars.— (See  Bars,  AWsiJt's.) 
Kjanized.— Subjected    to    the    Itysniring 

procesii.     (Sec  Kyani:^H£.) 

Eyaitli^Uf.— A  process  cmpioyeti  j>  r  nc 
prescrv^aiion  of  wooden  telegraphic  poles  t'V 
injecting  a  solution  of  corrosive  subUmnU 
into  the  pores  of  the  wood.  (See  PaU,  Ttli' 
graphic,) 


I 


of  lead,     (See  Bruskts^  Lead  of     luad^  Aw^ 

Lagr,   A119I0   of,    of   Current Arv 

angle  whose  tangent  is  equal  to  tlic  ratio  o( 
the  tnducuve  to  the  ohmic  reiUiaace. 

An  angle,  the  tangent  of  which  is  eqtial  to 
the  inductive  resistance  of  tlje  circuit,  divided 
by  the  ohaiic  resistance  of  the  circuit 

An  angle,  \}\^  co-sine  of  whic^  is  equal  to 
the  ohmic  resistance  of  i!ie  cifcuit,  divided 
by  the  impedance  of  the  circuit. 

Lair,  Mn^ndfc A  magnettc 

ity  as  manifested  by  the  sluggishness 
which  a  magnetizing  force  produces  Ha 
netizing  effects  in  iron. 

The  tendency  of  the  iron  core  of  a  ni 
or  of  the  armature  of  a  dv-namo-elcctric  m^* 
chine,  to  fesist»  and,  therefore,  retani  wa^ 
netizatioiu 

This  retardatfan^  ot  lagi  is  caUed  fhv  tm^ip^tk 

The  lead  necessaty  to  glire  the  bruiiiies  «C  m 
iiamo*ekctncnadiiiMtotiintPei|pMta«taasi  fcsi 
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lome  been  erroiseousif  ascribed  to  the  magnetic 

lag.  The  lead,  though  due  to  lag  in  part,  in  reality 
mainly  due  to  the  resultant  magnetiiation  of 
beaj-mature  both  by  the  Scld  magnets  and  by  its 
"•wii  cnrrcnL  {See  Z^ad,  J »^^-/^  c/.}  This  dis- 
placement of  the  brushes  is  measured  by  an  angle 
iometimea,  though  erroneously,  called  the  axigle 
of  Ug.     (Se«  La^t  A$tgU  of.) 

Lamellur    Plgfrl- 

ntloi   of  Mft^nei- 

fcm.— (Sec  M^fnst- 

ism,   tuimfllar  Dis* 

irihuiwn  of) 

Ijunlnate^    Core. 

-(Sec   Core^  Lami" 

/J 

Lanilnatlnir  Core. 
-<Scc    Cor€^  Lanti" 
Wan  of) 

T^mliratloit  of 
Arm  lit  11  re  Core*  — 
(Sec  Cart^  Armature^ 

Pltmtaifttfatt      of 
dreit. —  (See    Cart^ 
haminaHoH  of) 
Unip,    AliNigkt 

^^-^  A  term  some- 
applied    to    a 
uble  •  carbon      arc 
ip,       (See  Lamp^ 
'/iciricArCt  DoubU* 
on.) 

tbrm  of  ftll-night 
lamp  is  shown  in 

331,     Wliea   the 

nplicm  of  the  first 

of   carbons    has  Fi^,  S3^ 
m  ccTtiiii  limit 


La«I»»  Arc,  Electrte 


h  automatically  sivitched  over  to  the 


rpair. 
lAtn^  All'Xt^fit  ElertHo 


'A  lamp 


^Bpyvidcd  with  cjjhon  electrodes  so  as  to  burn 
^HpMgHt  without  rtcarboning. 

A    doubk^carban     dcctric    lamp.       (See 

Xabiw  Arc An   electric  1amp»  the 

source  of  wliose  light  is  a  voltaic  arc. 


— An  electric 
lamp  m  which  the  light  is  produced  by  a  vol- 
taic arc  formed  between  two  or  more  carbon 
electrodes. 

The  cvbon  electrodes  are  placed  in  various 
positioos,  either  parallel,  borixontal,  tucUnfid 
to  one  another  or  vertically  one  alM::)ve  the  other. 
The  latter  is  the  form  most  generally  adopted, 
since  it  permits  the  ready  feeding  of  the  tipper 
carbon. 

The  carbons  are  maintained  during  their  con« 
sumption  at  a  constant  distance  apart,  by  the  aid 
of  various  fc^n^  dnnies.  Such  devices  axe  op- 
crated  gent-rally  by  trains  of  wheel- work,  by  me- 
chanical or  electrical  moirjr%  or  "by  the  simple 
action  of  a  spring,  by  gravity  or  by  the  attractioa 
of  a  solenoid. 

The  carbon  pencil  or  electrodes  are  held  in 
iarhon  holders^  consistiag  of  clutch fs  or  €lam^s^ 
attached  to  the  end  of  the  lamp  r*}ds* 

WTien  the  lamp  is  not  in  c"{»cration  the  carbons 
are  usually  in  contact  wttli  one  another;  but,  on 
the  p35sa^  of  the  current,  they  aze  aqimrated 
the  re<[uired  distance  by  tlie  actioa 
of  aa  dcctro-magnet  whose  coils 
are  traversed  by  the  direct  or  nain 
current 

In  order  to  maintain  the  elec- 
trodes a  constsml  distance  apart, 
the  upper  carboo  in  some  lamps  is 
held  in  position  by  the  operation  of 
a  clutch,  or,  in  others,  by  a  detent, 
that  engages  in  a  toothed  wheel. 
The  position  of  this  clutch  or  de- 
tent is  controlled  by  the  action  of 
an  electro-magnet  whose  coils  are 
usually  situated  in  a  shitni  or  d^- 
rived  iircmi^  of  high  resistance, 
around  the  efcctrocles.  When  the 
carbons  are  at  their  normal  dis- 
tance apart,  the  shunt  current  is 
not  of  sufficient  strength  to  move 
the  clutcli  or  detent  &om  the  poeition  in  which 
it  prevents  tbe  downward  motion  of  the  upper 
carbon  rod.  When,  however,  by  the  burning 
or  consumption  of  the  carbonsk,  the  resistance 
of  the  arc  has  increaiied  to  an  extent  which  can 
be  predetermined,  the  increased  curroit  that  is 
thereby  passed  through  the  shunt  circuit  is  now 
suiEcicndy  strong  to  release  the  clutch  or  de- 
tent, thus  pcrmittin*  the  fall  or  feed  of  the  upper 
carbon*    Ixi  a  well  designed  lamp  thii  occurs 


Arc  LAm^. 
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so  gradually  as  to  produce  no  perceptible  effect 
on  the  steiidincss  of  the  light 

Arc  larapa  are  generally  placed  in  jmV/  circuit f, 
Ibat  is,  in  circuits  in  which  the  current  passes  luc- 
cessivcly  through  all  the  lamps  in  tlie  circuit,  and 
returns  to  the  source.  In  or. I cr  to  avoid  the  break- 
ing of  the  entire  circuit  through  the  extinguish- 
iag  of  a  single  arc,  on  the  breaking  of  its  cir- 
cuit, an  automatic  safety  dauf  is  provided  for 
each  lamp.  This  safety  device  consists  essentially 
of  an  electro-magnet  so  placed  in  a  shunt  circuity 
that,  as  the  resistance  of  the  arc  becomes  too 
great,  the  increased  current,  which  will  then  flow 
through  the  coils  of  the  electro  .maguey  at  last 
produces  a  movement  of  its  armature  whicli  closes 
a  short  circuit  around  the  Ump*  and  thus  cuts  it 
out  of  the  circuit. 

Arc  lamps  assume  a  great  variety  of  forms,  A 
well  known  form  is  shown  in  Fig.  33a. 

Lamp,  Arc,  Triple  Carbon An  arc 

lamp  in  which  three  carbon  electrodes  arc 
used. 

The  positive  caxbons  consist  of  two  ordinary 
cylindrical  carbons,  placed  parallel  to  each  other. 
The  negative  carbon  is  shaped  like  the  figure  8. 
The  arc  is  established  between  otic  of  the  positive 
carbons  and  the  corresponding  dde  of  the  nega- 
tive carbon.  The  feeding  of  the  lamp  is  attended 
by  a  shifting  back  and  forth  of  the  arc  between 
the  positive  carbons  and  from  side  to  side  of  the 
negative  carbons. 

The  design  of  the  triple  carbon  arc  tamp  is  to 
produce  a  lamp  of  long  life. 
Lamp    Brack«»t,    Electric 

(Sec  Bracket,  Lamp, 

Ekcirk.) 

Lamp    Bttlb,— (See    Bulb, 
Lamp.) 

Lamp,  Cared ^An 

oil  lamp  employed  in  France 
as  a  photometric  standard. 

Fig.  333  shows  a  form  of  car- 
ed lamp.  Like  the  standard 
candle,  the  carcel  is  a  standard 
only  when  it  consumes  a  given 
weight  of  the  hght-produdng 
substance  in  a  given  time, 
lamp»  Chamber  of 


see 
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The  glass  bulb  or  chamber  of 
an  incandescing  electric  lamp 
in    which   the    incandescing    conductor 


placed,  and  in  which  is  maintained  a  high 
vacuum. 

The  transparency  of  the  lamp  chamber  ud 
consequently  the  efficiency  of  the  lamp  roiyde. 
crease— 

(I . )  From  the  settling  of  dust  or  dirt  on  ttsouto 
walls. 

{2,)  From  the  deposit  of  carbon  or  metal  on  iti 
inner  walls. 

To  obviate  the  first  cause  of  diminished  tnai* 
parency  the  outside  of  the  lamp  chamber  fhodd 
be  frequently  cleansed.  The  diminished  trui. 
parency,  due  to  the  second  cauae^  cannot  l« 
removed.  >Mien  it  has  reached  a  cerl^n  point,  ll 
is  more  economical  to  replace  the  old  lamp  by  a 
new  lamp. 

In  a  properly  made  lamp  the  dimming  of  me 
lamp  chamber  is  not  apt  tooccur  imlewastroofer 
current  than  the  normal  current  is  patied  throogh 
the  lamp* 

Lump  Clamp*  — (See  Clamp  for  An 
Lamps,) 

Lamp,  Contact A  form  of  smh 

incandescent  electnc  lamp  in  which  a  caHxw 
pencil  is  pressed  against  a  slab  of  carbyo  or 
other  refractory  material. 

The  source  of  light  in  an  elec^c  contact  Ump 
is  twofold,  viz.: 

(I,)  A  minute  arc  formed  at  the  poiats  of  im- 
perfect  contact* 

(2,)  The  incandescence  of  the  carbon  peji4 
and  the  points  of  the  slab  of  carboa  acalDH  wW 
it  is  pressed* 
Lamp  Contaists.— (See  CaniacU,  lamp) 
Lamp»  Electric,  Arc,  Carbon  Hie. 
fnidcafur^— —  (Sec  EUctr^du,  Cafim, 
for  Arc  Lamps) 

Lamp.  Electric,  Arc,  Differential 

An  arc  lamp  in  which  the  movcroenis  o( 
the  carbons  are  controlled  by  the  differential 
action  of  two  magnets  opposed  to  each  other, 
one  of  whose  coils  is  in  the  direct  and  tht 
Other  in  a  shunt  circuit  around  the  carbons* 

S<>metimes  the  differcatial  codi  are  pli«d  « 
the  same  magnet  core, 
Lnmp»  Electric,  Arc,  Double  Carboa — 

^An  electric  arc  lamp  provided  with  two 

pairs  of  carbon  electrodes,  so  arranged  that 

when  one  pair  ts  consumed ,  the  circuit  is  luto- 

is     matically  completed  through  the  other  pair 
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Lampt,  Electric  Glow- 


-A  *erm  em* 


ployed  mainly  in  Europe  for  an  incandescent 
electric  lamp.     (See  Lcunp,  EUciric,  Incan- 

Lamp,  Electric,  Incandescent An 

dectric  lan^p  in  which  the  light  is  produced 
by  the  electric  incandescence  of  a  strip  or 
filament  of  some  refractory  substance,  gener* 
ally  carbon. 

The  carbon  strip  or  filament  is  usually  bent  into 
the  form  of  a  horseshoe  or  IcKjp,  and  placed  inside 
a  glass  vessel  called  the  lamp  chamber.  The 
lajiip  chamber  is  exhausted  by  means  of  a  mercury 
purap,  generally  to  a  fairly  high  %'acuum. 

In  order  to  insure  the  complete  removal  &0111 
the  lamp  chamber  of  all  the  air  it  originally  con« 
taincd,  the  carbon  strips  that  are  placed  within  it 
ire  maintained  at  a  high  temperature  during  the 
process  of  exhaustion.  This  temperature,  in 
practice,  is  obtained  by  sending  the  current 
through  the  carbon  strip  as  soon  as  nearly  all 
the  air  is  remo%*ed.  Towards  the  end  of  the 
pumpbg  operation  the  current  is  increased  so 
IS  to  raise  the  carbons  to  Ihdj-  full  briU 
hancy. 

The  lamp  chamber  is  also  maintained  at  a 
fairly  high  temperature. 

To  insure  this  heating  of  the  walU-of  the  lamp 
chamber  by  the  incandescent  carbons  during 
pumping,  for  the  purpoae  of  driving  off  all  the 
Mk  adhering  to  the  walls  of  the  chamber,  they  are 
sometimes  covered  with  some  readily  removable 
preparation  of  lamp  black. 

The  operation  of  driving  off  the  gases  absorbed 
by  the  carbons  is  termed  the  oaiadtd gas prQUss^ 
and  is  essential  to  the  successfid  scaling  of  an 
incandescent  lamp.  By  its  mcans^  a  considerable 
quantity  of  air  or  other  gaseous  substances  shut 
tip  or  occluded  by  the  carbon  is  driven  out  of  (he 
carbon,  which  it  would  be  impossible  to  get  rid  of 
by  the  mere  operation  of  pumping.  In  order  to 
biofe  the  success  of  the  operation,  it  is  necessary 
that  the  heating  must  take  place  while  the  lamp 
is  being  exhausted,  since  otherwise  the  expelled 
gpies  woatd  be  re-absorbed.    (See  Gas^  Occiu- 

Both  the  exhaustion  and  the  incandescence  con. 
tinue  op  to  the  moment  the  lamp  chamber  is 
hometicaUy  sealed;  otherwise,  some  of  the  air 
ought  remain  in  the  lamp  chamber. 

Th«  lamp  chamber  is  hermetically  sealed, 
WUaQj  by  the  fusion  of  the  glass  in  the  manner 


adopted  in    the   sealing    of  Geissler    tubes   or 
Crookes*  radiometers. 

For  the  preparation  of  the  carbon  Strip,  its 
carbonization  and  the  flashing  of  the  strip,  sec 
Carbomzati&t^  Pr&€€$tei  ^.  Carbom^  Flashing 
PrQCiss  for^ 

The  ends  of  the  carbon  strip, 
or  filament,  are  attached  to  leod- 
ing'in  wiWi  of  platinum  that  pass 
through  the  glass  walls  of   the 
lamp   chamber,    and   are  fused 
therein    by    melting    the     glass 
around  them  in  the  same  manner  i 
as  are  the  leading  in  wires  of  the  \ 
Geissler  tubes  and  other  similar^ 
apparatus. 

Incandescent  lamps  are  gcner- 
ally  comiected  to  the  leads  or  cir-  Fig-,  J34.  Incam 
cults  in  multiple  arc  or  in  multi-   dtxcemi  FJtcirie 
pie-series.    They  are,  however,  /-*»»»/. 

sometimes  connected  to  the  line  in  series*     (See 
Circuits^  Variititi  of*^ 

In  Uie  case  of  multfple-arc  or  multiple-series 
connection^  the  resistance  of  the  filament  is  com- 
paratively high.  In  the  case  of  sL-riei -connec- 
tion the  resistance  is  comparatively  low. 

Incandescent  electric  lamps  assume  a  variety  of 
dilTerent  forms.  In  all  case%  however^  the  shape 
of  the  filament  is  such 
that  the  leading -in 
wires  that  carry  the 
current  to  and  from 
the  filament  shall  en- 
ter and  leave  the  lamp 
chamber  at  points  that 
arc  comparatively 
near  together*  This 
la  for  the  purpose  ot 
avoiding  the  unneces- 
sary  production  of 
shadows. 

Commercial  incan- 
descent electric  lamps 
are  generally  marked 
with  the  potential  dif- 
ference in  volts  that 
must  be  appHed  at  the 
terminals  in  order  Co 
furnish  the  current 
necessary  to  properly 
operate  them.  If  this 
potential  difFcrcnce  is  ^ 
made  greater,  ttie  can-  L4nm\ 
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die-power  of  die  Immp  is  gmdf  increased^  bot  iti 
life  greatly  decreased 

The  Ump  chamber  is  more  liable  iia  tuch  cases 
bt»  become  less  traiispaccnt  item  the  deposit  of  a 
tfain  U/cr  of  carboD  or  metal  on  its  inner  sarfaces. 

In  the  Swan  lamp  the  filament  is  made  of  col* 
Ion  thread.  These  threads  are  immersed  in  a 
mixture  ol  two  parts  of  sulpboric  acid  and  one  of 
water,  which  converts  the  cellulose  of  tbe  thread 
into  artificial  parchment*  The  filaments  are  rap» 
idly  irashed  as  soon  as  &cy  are  removed  from  the 
sulphuric  acid  until  all  traces  of  the  actd  are  re- 
moved. They  are  then  passed  through  discs  so 
as  la  insure  m  uniiorm  area  of  cross-section,  and 
xtc  111  en  wrapped  on  rods  of  carbon  or  earthen- 
ware of  the  required  outline,  packed  in  a  cmcibie 
filk'd  with  |X)wdcred  charcoal,  and  carbonised. 

The  form  generally  givea  to  the  Swan  ftUracnt 
is  thai  ihown  in  Fig,  335. 

Lamp*  Blectrte,  Itieandescent  Ball 

— An  incandescent  electric  kmp  in  which 
the  light  is  produced  by  a  sphere  or  ball  of 
carbon  placed  in  an  exhausted  receiver  of 
glass. 

When  subjected  to  the  effects  of  electrostatic 
waves  of  high  frequency  ol  alfeemation,  such  a 
lamp  becomes  himinous 
from  the  incandescence  of 
the  carbon  ball  or  sphere. 
Tcsla's  incaakdescent  ball 
electric  lamp  is  a  modiGca- 
lion  of  his  straight  filament 
lamp,  (See  J^itJ^,  Tncan* 
d^scctti^  Strai^hi  Piiartutttt ,) 

The  construction  of  Tes* 
la's  ball  incandescent  elec- 
tric lamp  win  be  readily 
understood  from  an  inspec- 
tion of  Fig.  336. 

Lamp,  Electric,  lu- 
caiide^eiit»  llalf-Sludes 

fi>r (See    Hal/^ 

Shades  for  Incandescent  Lamps  ^ 

Lamp,   Eleetrk,  IncaDdescent,   Ufe  of 

'       — The  number  ol  hours  that  an  mcau- 


descent  clcciric  lamp,  when  traversed  by  the 
normal  current,  wrill  continue  to  afiord  a  good 
commercial  light* 

The  Allure  of  an  electric  incandescent  lamp 
results  Cilhcr  irom  the  votatilic&tKin  or  rupture 
of  the  carbon  conductor,  or  fr^m  the  iailufe  of  the 


iracaum  of  the  lamp  chamber*  Since  tli8  €m« 
ploy  men  t  of  the  flashing  process,  and  tiM  preecw 
for  removing  the  ocdudcd  gases,  it  is  not  unosull 
for  incandescent  lamps  to  have  a  life  of  ievtnl 
thousand  hours,  (See  Carbons^  Fhulang  Pn- 
€iii  f&r.) 

The  life  of  an  incandescent  dectHc  lamp  should 
not  be  considered  as  conttmxing  until  the  tilamextt 
actually  breaks.  As  soon  as  the  lamp  cbamber 
has  l}econie  covered  with  such  a  deposit  of  car- 
bon or  coating  of  metal  as  to  considerably  de- 
crea.!ie  the  amount  of  light  which  passes  through 
the  chamber^  the  lamp  should  be  considered  ai 
useless. 

Lampt  Electric*  Incatidedce&t*  TH^e^ 
Filaiuetit,    for   Haiti *Phaf4e  Circuit*—^ 

—An  incandescent  lamp  for  use  on  mulli* 
phase  circuits,  provided  with  three  leading-ia 
v^-ires*  connected   to  tlie  free  ends  of  three 
61jmentSv  the  other  ends  of  which  are  1 
nected  in  a  common  joint, 

\^Tiea  properlj   acting,   the   current 
through  each  filament  should,   at  anf 
e(]ual  the  sum  of  the  currents  m  the  other  two 
filaments,  which,  as  is  well  known^  is  the  property 
of  any  three-phase  circuit, 

Lamm  Eleetrie*  t^utrlfg^r  ll»r  <^--^  -^ 
(See  Oiihri^tr/^  JEiiCtru  Lmmf^^ 

Lamp,  Electric,  Pendant  — ^  — An  In- 
candescent ekctric  lamp  suspended  by  licjcibk 
twin-wire. 

Lamp,  Eleotrie,  Safety An  in- 
candescent electric  lamp,  with  thoroughly 
insulated  leads,  employed  in  mines,  or  other 
similar  places,  where  the  explosive  effects  o( 
teadily  igniiable  substances  are  to  be  feared. 

Such  tamps  are  often  directly  attached  to  a 
portable  Lxittery,  in  which  case  they  can  be  read*     _ 
if  earned  about  from  place  to  plac««  ■ 

Iiainp«  Electric^  gcmMtieandeseent  — - 
«-^An  electric  lamp  in  wbtch  the  light  is  due 
to  the  combined  effects  of  a  voltaic  arc  ai^ 
electric  incandescence. 

tn  the  Reynier  semi-incandescent  lamp,  1 
in  T\^.  357,  a  thm  pmc»I  of  carbon  C,  is  get^^lf 
pressed  against  a  block  of  jgtaphite  B»    A  latent 
contact  ts  provided   at   L,  through  a  lilock  o* 
graphite  1,  by  means  ot  which  the  ctim  ni  u  «♦** 
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I  iht  lower  pjut  only  of  the  movable  rod 

II  part  alone  is  rendered  incmde^cait. 

I  laiDp^  the  light  is  due  both  to  the  incan- 

■  C 


y 


^^*  JJ7*    Stmi*In€Mtdesttmi  Zam^^ 

me  of  the  rod  C,  and  to  the  Btnall  arc  formed 
iHweea  its  lower  end  and  the  cootact  block 
igb  mainly  from  the  Utter.  The  g^i^mi- 
fPirmt  electric  lamp  has  not  as  jei  been  m* 
pd  to  any  considerable  extent, 
ftp*  Electric,  8erle»-€aiiiiectHl  Incait- 

pi ^An  incandescent  electric  laxnp 

bd  to  use  in  series  circuits. 

r 

I  of  ceHes  incandescent  lamp,  attached 
nd  shade,  is  shown  in  Fin*  338. 
\  connected  incandescent  lamp,  un* 
!tiple<oaQCcted  Jnc^nde9cent  electric 
br  resistance  of  the  filament  is  low.     This 
I  la  tmlcr  u%  prevent  the  total  resistance  of 


the  circuit  from  requiring  too  high  aa  electro. 
motive  force  for  operation,  in  order  to  presenre 
the  continuity  of  the  circuit  on  the  feilure  of  any 
lamp  to  operate,  sonic  form  of  automatic  cut-out 
is  employed.  This  ts  frenerally  some  form  of 
film  cut-out.     (Sec  Cui^Om,  Film,) 

Lsmi^  Hoar^— (See  Hour,  Lamp) 

Liiifim  Ini'aadeicefit,  EIcK'frlc  Fllainent 

of  -^ — -  — A  term  now  generally  applied  to  the 
incandescing  conductor  of  an  incandescent 
electric  lamp,  whether  the  same  be  of  very 
small  cross-section  or  of  compamlively  large 
cross-section. 

The  term  filament  is  properly  applied  to  a  con- 
ductor containing  fibres  or  filaments  extending  m 
the  general  direction  of  tiie  length  of  the  incan> 
descing  conductor.  Such  a  conductor  is  made  ol 
carbonizabte  fibrous  material,  cut  or  shaped  prior 
to  carbonisation  so  as  to  have  its  fibres  ejctend* 
ing  with  their  greatest  length  in  the  direction  of 
length  of  the  filament. 

Lamp^  lueaudesccntf  Straigrlit  Fi  lament 

— An    incandescent    electric    lamp    in 

which  a  straight  filament,  placed  in  an  ex- 
hausted glass  ch.imber,  is  rendered  luminous 
by  the  effects  of  electro- 
static w-avea  or  thrusts  of 
high  frequency. 

The  straight  filament  in 
candescent  lamp  is  the  in- 
vention   of    Te*.la»      One 
form  of  sucli    a  lamp   is 
shown  m  Fig.  339. 

The  glass  globe  b,  of  the 
lamp  IS  provided  irith  a 
cyhndrical  neck,  inside  of 
which  is  placed  a  tube  m« 
of  conducting  material,  on 
the  side  and  over  the  end 
of  the  msulattng  plug  n. 

The  light -giving  fila- 
ment e,  h  a  straight  car- 
boa  stem,  connected  to  the 
plate  by  a  conductor  cov- 
ered with  a  refractory  in. 
sulatlng  material  k.  An 
insulated  tube-socket  p, 
provided  with  a  metallic  1mm g  s»  serves  to  jttip- 
port  the  lamp  and  connect  it  with  one  pole  of  the 
source  of  currcn*.    Jt  will  l>e  noticed  that  the  coat 
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bgs  s  and  m»  form  the  plates  of  a  condenser. 
The  other  terminal  of  the  machine  may  be  con- 
nected to  the  metal  coated  walls  of  the    room, 
or  to  metallic  plates  suspended  from  the  celling. 
Lamp  Indlcaton — (Set  fndica/or.  Lamp:) 

Lam  [I,  Pilot In  systems  for  the 

operation  of  electric  lamps*  an  mcandescent 
lamp  employed  in  a  station  to  indicate  the 
difference  of  potential  at  the  dynamo  ter- 
minals, by  means  of  the  intensity  of  its  emitted 
light. 

Lamp  Rod.— {See  Red,  Lamp:\ 

Lamp  Boeket  Swftcli.— (See  Switch, 
Lamp  Socket^ 

Lamps^  Batik  of  ^A  term   applied 

to  a  number  of  lamps,  equal  to  about  half  the 
load,  tliat  were  formerly  placed  in  view  of  the 
attendant  in  circuit  with  a  dynamo  that  is  to 
be  placed  in  a  parallel  circuit  with  another 
dynamo,  one  of  the  lamps  of  which  is  also 
in  view. 

When  the  lamps  '*  iu  bank  ^^  were  judged  to  be 
of  the  same  briliiaocy  as  the  one  fed  by  the  other 
dynamo,  the  attendant  switched  th«  dynamo  par- 
allel with  the  other,  and  at  the  same  time  cut  off 
the  bank  of  tamps  from  the  switched  in  dynamo. 

The  method  15,  however,  wrong.  The  proper 
way  is  to  make  the  voltage  of  the  dynamo  equal 
to  that  ol  the  circuit.  Then  connect  ft  and 
finally  raise  its  electromotive  force  until  it  takes 
its  share  of  the  load. 

LaimpM,  CartMiniii^  ^^  —Placing  carbons 
in  electric  arc  lamps. 

When  the  carlxins  arc  consumed,  the  lamp 
requires  recarboning*  The  old  carbon  ends  are 
replaced  by  new  carbons,  and  the  lamp  rt:>ds 
cleansed. 

I^r^e  Calorliv— (See  Calorie,  GreaC^ 

Latent    Electricity,— (Sec     Electricity, 

Latent,) 

« 
Ijiteral     Discliarpe,— (See     Discharge^ 

Later  a  L) 

Lateral  Inductlon.^(Sce  Induction,  Lat- 

eraL) 

Lateral  Leaka^re  of  Lines  of  Mag-iietic 
Force,— (Sec  Leakage,  Lateral,  of  Lints  of 
Magnetic  Force,) 


[Law; 


Lateral  Magnetic  Leakage.— (Sev  tidh^ 

age.  Lateral^  of  Lines  of  Magiutic  Force) 

Latitnde,  Magnetic  —The  dislana 

a  place  is  situated  north  or  south  of  the  mag- 
netic equator 

AH  places  that  have  the  same  magnetic  laLtudc 
have  the  same  value  for  the  magnetic  indiiulioa 
and  magnetic  intensity,  or  are  on  the  tame  isocli- 
nal and  isodynamic  Hoes,  The  magnetic  latitude 
is  the  same  at  all  points  of  a  magnetic  parallcL 

I^aitncli,  Electric A  boat,  the  mo- 

'  tive  power  for  which  is  electricity,  suitable  (or 
launching  from  a  ship* 

Up  to  the  present  time  electric  launches  have 
been  propelled  by  means  of  electric  motors,  drifcn 
by  means  of  powerful  storage  batteries. 

A  form  oi  electric  launch  constructed  for  the 
English  Government  is  shovm  in  Fig.  340.    It  a 


fiff  J40,    EUeirie  lAmmeA. 

4BI  feet  in  length  over  all,  by  S  feet  9  inches 
beam,  with  an  average  draft  of  2  feet  3  inch*^. 
Its  speed  »s  8  knots  per  hour.  It  will  carry  lortf 
fully  equipped  scldlers. 

Law,  Jacobrs  — ^^  — The  maiimum  work 
done  by  a  motor  is  reached  w!ien  the  counter- 
electromotive  force  is  equal  to  one-half  of  thfl 
impressed  electromotive  force,  or, 

a 

Law,  Joule's The  heating  power? 

a  current  is  pioportionaj  to  the  product  of 
the  resistance  and  the  square  of  the  cur 
strength.     (See  Neat,  EUctric^ 

Law,  Natural —A  correct  cxpressio 

of  the  order  in  which   the  causes  and  effc 
of  natural  phenomena  follow  one  another. 

The  law  of  gravitation,  fr»r  example,  ( 
expresses  the  order  of  sequence  of  thephend 
which  result  when  unsupported  bodies  fall  to  tb 
earth.     It  should  be  carefully  borne  in  mind,  how^ 
ever,  that  natural  laws  cannot  l>e  regarded  \ 
explaining  the  ultimate  causes  of  natmrmf  ^ 
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,  but  rocrciy  atpress  their  order  of  occur- 
I  or  sequence* 

f  are  ignorant,  for  example,  of  the  true  cause 
icvitatioii  »nd  are  only  acquainted  with  its 
L  This  is  true  of  all  ultimate  physical 
I*  save  for  our  belief  in  their  ori^n  in  a 
iewUl. 

fW  of  £le€tro*Chemlca]  Equivalence. 
pc  K^uivaletue,  Electro-Chemical^  Lctiv 

Eir  of  Kohlraoach.— In  electrolytic  con- 
On»  each  atom  has  a  rate  of  motion  for 
(Ten  liquid,  which  is  independent  of  the 
(cnt  with  which  it  may  have  been  com- 

f- 

^e  following  tabic,  the   rate  of  molion  of 
kinds  of  atoms  through  nearly  pure  water 
AiBercnce  of  potential  of  one  volt  \^v  linear 
is  given: 

....,,    1 ,08    centimetres  per  hour, 

, 0.205  ccntimctrt;       *' 

0,126  **  ** 


1.. 


0.0^ 
0,166 
0*213 
0*216 
0.174 


SO, 

i;ir  of  Olini,  or  Law  of  Cnrreiit 
pigth. — The  strength  of  a  continuous 
}sn\  is  directly  proponional  to  llie  differ- 
pi  potential  or  electromotive  (orce  in  the 
ilt,  and  inversely  proportional  to  the  re- 
bec oi  the  circuit,  /,  c,  is  equal  to  the 
pent  arising  from  dividing  the  electron! o- 
orcc  by  the  resistance. 


n's  law  is  expressed  algebraically  thus: 

C  =  5;or.  E  =  CR* 
R 

:tjoinotive  force  is  %W^i\  in  volts*  and 

ice  in  ohms,  the  formuU  will  give  the 

It  strength  directly  in  ampdres. 


The  resistance  of  any  electric  circuit,  ^,for 
example,  that  shown  m  Fig.  341,  consists  oi  three 
parts,  viz.: 

(i.)  The  internal  resistance  of  the  source,  r* 

(2,)  That  of  the  conducting  wires  or  leads,  r'; 
and 

I5.)  That  of  the  electro-receptive,  r*,  energized 
hy  the  current.  Ohm^s  law  applied  to  this  cats 
would  be: 

E 
^  =  r  +  r'-f-r\ 

That  is,  the  resistance  of  the  entire  circuit  is 
equal  to  the  sum  of  the  separate  resistances  of  its 
diRerent  parts. 

Since  C=  ^,  (i);  then  E  =  C  R,  (2); 
and  R  ^  ^^  (3). 

But,  sijice  a  current  of  one  ampdrc  is  equal  to 
one  wulom^  ftr  se'canJ,  then,  in  order  to  deter- 
mine in  coulombs  the  quantity  of  electricity  pass- 
ing in  a  given  number  of  seconds,  it  is  only  neces- 
sary to  multiply  the  current  by  the  time  in  seconds, 
orQ=CT(4). 

Hence,  referring  to  the  above  equations  { I), 
(8),  (3)  and  (4);  according  to  Ohm*s  law: 

(I.)  The  current  in  amperes  is  ei|ual  to  the 
electromotive  force  in  Z'oUs  divided  by  the  resist- 
ance hiMms. 

(2.)  The  electromotive  force  iniv?//j  is  equal  to 
the  product  of  the  current  in  ampins  and  the 
resistance  in  ohms, 

(3.)  The  reii^tance  in  akms  is  equal  to  theelec* 
tromotive  force  in  volts  divided  by  the  current  in 

(4.)  The  quantity  of  electricity  in  fouhmhs  Is 
equal  to  the  current  in  amperes  multiplied  by  the 
time  in  seconds. 

Ltw  of  Volta,  or  Law  for  Cootact-S^rlefl. 

— A  law  for  the  differences  of  electric  potential 
produced  by  the  contact  of  dissimilar  metals 
or  other  substances. 

»*  The  differ  erne  of  p^t^ntial  between  any  twa 
metals  It  equal  to  the  sum  of  the  differencer  0/ 
potential  between  the  intervening  substances  in 
the  contact  series***  (See  Electricity^  Contact, 
Series,  Contact.) 

Law,  Pflager'f* A  given   tract  of 

nerve  is  stimulated  by  the  appearance  of 
katheleclrotonusand  tht!  disappearance  of  an- 
dectrotonus ;    not,  however,  by  the  disap* 


Law.  J 
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pearance  of  kathelectrolonus  nor  by  the  ap- 
pearance of  anHectrotonus, — [Landois  and 

Law,  Pofnttng^ft At  any  fjoint  in 

a  magnetic  field,  or  a  conductor  conveying 
current,  the  energy  moves  perpendicularly  to 
the  plane  coniainrng- the  lines  of  electric  force 
or  the  lines  of  magnetic  force,  and  the  amount 
of  energy  crossing  the  unit  of  area  of  this 
plane  per  second  b  equal  to  the  product  of 
the  intensities  of  the  two  forces  multiplied  by 
the  sine  of  the  angle  between  them,  dividetl 
by  4^-* 

If  E,  represents  the  electric  force  of  a  small  body 

charged  with  positive  electricity,    and  II,    the 

magnetic  force  or  forces  of  a  smaller  free  unit 

north  pole,  and,  if  these  forces  at  any  point  in 

the   magnetic  field  are  inclint-d  at  an  an^le,  0, 

then  e,  the  fli>wof  energy  per  second  at  this  point, 

in  a  direction  ocrpendicular  to  the  planes  of  E  and 

H  is, 

EHsm.  9 
e  =  — . 

There  is,  therefore,  a  difference  in  the  direction 
of  the  flow  of  electricity  and  the  flow  of  electric 
energy.  Electricity  may  be  conceivetl  as  pa-ising 
through  the  conductor  something  like  water 
throuj^h  a  pipe,  but  electrical  energy  docs  not 
travel  in  this  way.  Electrical  energy  travels 
through  the  surrounding  dielectric,  which  is 
thereby  strained,  aad  it  propagates  this  strain 
from  paint  to  point  until  it  reaches  the  conductor 
and  is  there  dissipated. 


Law,  Voltumetrlc 


-The    chemical 


action  produced  by  electrolysis  in  any  elec- 
trolyte is  proportional  to  the  amount  of  elec- 
tricity which  passes  through  the  clectrolyte. 

This  is  tailed  the  Voltamctric  law»  because  any 
vessel  containing  an  electrolyte,  and  furnished 
with  electrodes,  so  that  electrolysis  may  take  place 
on  the  passage  of  the  current,  and  is  provided 
with  means  for  meas^inng  the  amount  ot  the 
electrolysis  which  occurs,  is  called  a  Voltameter. 
(See  Fd^ltamcicr,     EUttrolysis,) 

Laws,  AmpdreX  or  Law?*  of  Eloelro- 

Uyiiamk  Attraction  and  Rt^pitlsion 

Laws  expressing  the  attractions  and  repul- 
sions of  electric  circnits  on  one  another  or 
on  jDagnets. 


TiiW9,  INVs- — '  T*he  magnetism  ei- 

cjtcd  at  any  transverse  section  of  a  magnet  is 
proportional  to  the  square  root  of  the  distance 
between  the  given  section  and  the  near  end 
of  the  magnet* 

*'  The  free  magnetism  at  any  given  trans- 
verse section  of  a  magnet  is  proportional  to 
the  difference  between  the  square  root  of  half 
the  len^h  of  the  maj^ct  and  the  square  root 
of  the  distance  between  the  given  section  and 
the  nearest  end.'* 

Laws,   KirchlioflTs   —The  laws  for 

branched  or  shunted  circuits,  | 

These  laws  may  be  expressed  as  follows: 

1 1. )  In  any  numlxT  of  conductors  meeting  at  a 
point,  if  curren  ts  flowing  to  tli  c  potn  t  be  considered    " 
as  -|-»  and  those  flowing  away  from  il  as  — ,  t!ie 
algebraic  Bum  of  the  meeting  currents  will  bc^ 
zero*  f 

This  is  the  same  thing  as  saying  as  much  clcc- 
triciiy  must  flow  away  trom  the  point  as  fiows  to* 
ward  it. 

(2.)  In  any  system  of  do«ed  circuits  the  al^e- 
hraic  sum  of  the  products  of  the  currents  into  the 
resistances  is  equal  to  the  dectromtitive  force  m 
the  circuit. 

In  ihis  case  all  currents  flowing  in  a  certain 
direction  arc  taken  as  positive,  and  those  flowing 
in  the  opposite  direction  as  ne^tive.  Ail  eicc- 
tromntivc  fortes  tending  to  prwiucc  currents  ia 
the  f1irc<:tion  of  the  p*>5itive  current  are  ta!:ea  as 
positive,  and  those  tending  to  produce  cunaLtlia 
the  opposite  direction,  as  negative. 

B 

This  follows  from  Ohm's  law  \  for,  since  C  ^=  —, 

It 
the  electromotive  force  E  =  CR,  and  this  is  true, 
no  matlL-r  how  often  the  curcuit  is  branched. 


Laws,  Leiiz*s  < 


'Laws  for  detefmtnliig 


the  directions  of  currents  produced  by  tkctro- 
dynamtc  induction. 

The  direction  of  the  currents  set  up  by  ck 
dynamic  induction  is  alwajrs  such  at  to  op 
the  notions  b/  which  such  currents  were  pro* 
duced, 

IiawB  of   Bocqnerel,  or  Laws  of  Mif- 
netn^Opflo  Roiatlon. — Laws  for  the  mag- 

neto-optic  rotation  of  the  plane  of  polariiatioD 
of  light,     (See  Raiaii&n,  MagnttinOpiU^ 
Lairs  of  Coaf^n^  c^  L»ir»  of 
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stAtie  and  Haguetle  Attraetiobg  ami  Ri^ 
imbionH. —  Laws  for  the  lorce  of  attraction 
«Bd  repMlbToa  bciween  charged  bodies  or  be- 
tween magnet  poles. 

The  fMCt  thzt  the  force  of  electrostatic  attrac- 
tion or  repulsion  between  two  charges,  b  directly 
proportional  to  the  prodtict  of  thcquanUties  ot 
dpcclzidty  of  the  two  charges  and  inversely  propor- 
tkmal  lo  the  square  of  the  distance  between  them, 
is  known  as  Caulemb^s  Lotlk  Coulomb  also  as- 
certained that  the  attractions  and  rci:)ulsion3  bc- 
tm'ceii  magnet  poles  are  directly  proportional  to  the 
product  of  the  strength  of  tire  two  poles,  and  tn- 
^crsdy  proportional  to  the  square  of  the  distance 
between  thenu  This  is  also  called  Coulomb's 
Uw. 

Coulo«Db*s  law,  in  order  to  be  accurate,  must 
take  into  acoouxit  the  specitic  inductive  capacity 
oflfee  intenrening  medium.  The  correct  exprcs- 
SOB  for  the  force  between  two  quantities  q  and  q'^ 
ol  dectrictty  would  be,  therefore, 

vfciore  K,  \m  e«^ual  to  the  specific  Inductive  capacity 
oltbe  medlam  separataag  the  two  charges^ 

In  a  similar  manner  when  the  force  is  exerted 
between  two  magnet  poks,  to  be  accurate,  we  must 
tike  into  accoont  the  xnagi^tic  pamicability  of 
the  medium  between  the  two  magnets.  The  cor- 
rect caprcssion  for  the  fierce  between  two  magnet 
poles  is,  therefore, 

P  ^T^\ 

*  ~  r* ;/  • 
when  §1^  is  the  magnetic  permcabtlity. 

Uiw»  of  Faraday,  or  l4ifr»of  Electrolysis 

Laws  for  the   cHects  of   elecirolyiic 

dccom|iosilion,     (See  Elect roly sis,) 

Tkrte  law*  are  as  £c»Uows: 

(1./  The  amount  of  an  electrolyte  decomposed 
ia  dkectly  proportional  to  the  quantity  of  elcL- 
trictty  which  passes  through  it ;  or»  the  rate  at 
i^Uich  a  body  is  electrolyzcd  b  proportional  to 
tiic current  strength  producing  such  electrolysis. 

(2,>  If  the  same  current  be  passed  through  dif- 
feivnt  electrolytes,  the  quantity  of  each  ion 
eiprtved  is  proportiona*  to  its  chemical  equivalent. 

\mw%  of  Jo^le.— Laws  expressing  the  de- 
velopment of  heat  produced  in  a  ciiruit  by  an 
electric  current, 

Tbcse  laws  may  be  expressed  as  follows  : 

\l.\  Tke  amount  of  beat  developed  in  any  cir- 


cuit is  proportional  to  its  resistance,  providing 
the  current  strength  is  constant. 

(2. )  The  amount  of  beat  developed  in  any  dff* 
cuit  15  proportional  to  the  square  of  the  current 
passing,  providing  the  resistance  is  constaoL 

(3.)  The  amount  of  heat  devdoped  in  any  cir- 
cuit is  proportional  to  the  time  the  current  con* 
tinues* 

Or,  H=C«  Rt  X0.24. 

Where  11,  equals  the  heat  in  smalt  calories,  C, 
equals  the  current  in  ampere>,  R  equals  the  re- 
sistance in  ohms,  t,  equ.ils  the  Lme  in  seconds, 
and  0.24,  the  heat -units  per  second  developed  in 
a  resistance  of  i  ohm  by  the  pa^^sagc  of  1  am- 
pere. 

Lay  TorjMMli*.— (See  Torpedo,  Lay.) 

Layi^r,   Crooke!4*    —A     layer,     or 

stratum,  of  the  residual  atmosphere  of  a 
vacuous  space,  in  which  the  molecules,  recoil- 
ing from  a  heated  or  eleclriiied  surface,  do 
not  meet  other  molecules,  but  impinge  on  the 
walls  of  the  vessel  directly  opposite  such 
heated  or  elcclrified  surface, 

A  Crookes  layer  may  result  as  the  eflfect  of 
two  different  causes,  viz» : 

(I.)  The  rarefaction  of  the  gas  is  such  that  the 
distance  between  the  walls  of  the  vcssd  and  the 
heated  surface  is  less  than  the  mean -free- path  of 
the  molecules. 

(2.)  The  wall  is  so  near  the  heated  sur^ice  that 
the  distance  between  the  two  is  less  than  the  ac- 
tual mean -free -path  of  the  molecules.  Under 
these  last-nimed  circumstances  Crooked'  layers 
may  result,  whatever  be  the  density  of  tJie  gas, 

Layiug-Up  Cahle«."{See  CabUs,  Lay- 
mg'Up,) 

Lead,  Anglo  of The  angular  devia- 
tion from  the  normal  position,  which  must  be 
given  to  the  collecting  brushes  ov\  the  com- 
mutator cylinder  of  a  dynamo-electric  ma- 
chine, in  order  to  avoid  d'^structive  burning, 
(See  Commiutatar^  Burning  ai,) 

The  necessity  for  giving  the  collecting  brushes 
a  lead,  arises  both  from  the  magnetic  lag  and  from 
the  distortion  of  the  field  of  the  machine  by  the 
magnetization  of  the  armature  current.  The 
angle  of  leal  is,  therefore,  equ:il  to  the  sum  of  the 
angle  of  tag,  agd  the  angular  dirtortion  dnet:*  the 
magnetization  produced  by  the  armature  current* 
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Lead,  Cable A  lead  containing  a 

conductor  formed  of  several  stranded  con- 
ductors, as  flistinguished  from  a  wire  lead  or 
a  lead  containing  a  single  conductor* 

Lead,  Flexible A  conduct  or  formed 

of  a  number  of  small  stranded  conductors  for 
the  purpose  of  obtaining  flexibility. 

Lead,  Flexihl©  Twin A  flexible 

conductor  in  which  two  parallel  and  sepa- 
rately insulated  wires  are  placed. 

Lead  of  Bru^lies  of  Dynamo-Eleetrte 
Maehlne,— The  angular  deviation  from  the 
normal  position,  which  it  is  necessary  to  give 
the  brushes  on  the  commutator  of  a  dynamo- 
electric  machine,  in  order  to  obtain  efficient 
action,     (See  L^ad,  Angle  of^ 

Lead  Scoring  TooL— {See  Tool,  Scaring, 
Lead:) 

Lead  Sleeve,— (See  Sieevi,  Lead,) 

Lead,  Tee.— (See  Tt't\  L^ad.) 

Lead,  Wire ^A  lead  consisting  of  a 

single  conductor,  as  distinguished  from  a 
cable  lead,  or  a  lead  containing  a  number  of 
stranded  conductors. 

Lead  Wire,— (See  IVire,  Lead.) 

Leading  Horn  of  Pole  Fieees  of  Bjnamo- 
Eleetrie  Machine.— (See  i/£?r//.f,  Leading,  of 
PoU  Pieces  a/ a  Dynamo- EUciric  Machinej) 

Leading- In  Wires.— (See  Wires,  Lead- 
ing-In,) 

Leadliig-r|>  Wires,— (See  Wires,  Lead- 
ing^Up,) 

Leada^ — The  conductors  in  any  system  of 
electric  distribution. 

In  dislribution  by  parallel,  the  conductors 
through  which  the  current  flows  from  the  source 
are  sometimes  called  the  leads  in  contradis- 
tinction to  those  through  which  it  returns  to 
the  soarce. 

The  leads,  or  main  conductors,  in  a  multiple 
iffltem  of  electric  lightings  must  maintain  a  con- 
stant potentjat  at  the  lamp  terminals.  The  dimen- 
sions of  the  leads  are,  tlicrcfore,  so  proportioned  as 
lo  absorb  as  small  an  amount  of  potential  as  pos- 
sible. Since,  in  incandescent  lighting,  where  the 
Vamps  arc  connected  to  the  leads  in  ,  multiple-arc, 
&e  total  resistance  of  the  lamps  is  comparatively 


small,  the  resistance  of  the  leads  must  be  quHe 
small  in  order  to  avoid  a  marked  drop  of  ; 
tiah     Comparatively   large    conductors    mu 
therefore,  be  used. 

The  main  conductor  for  aeries  circuits,  atich  \ 
for  arc-lights,  has  in  all  parts  the  same 
strength.     Since  the  sum  of  the  resistances  of  t 
lamps  in  such  a  circuit  is  quite  high,  a  compira-J 
tively  high  resistance  in  the  conductor   may  t 
employed  without  a  proportionally  large  ab 
tion  of  potential.     Comparatively  small  coodu 
tors  can  therefore  be  used.     (Sec  EUciridiy,  DiiA 
tribiition  <?/,  by  Constant  Currents,   Eieetrmt^S 
Disiributwn  of^  by  Alternating  Currents. ) 

Leads,  Armature,  Tirist  in A  dis- 
place ment  of  the  ends  of  the  wires  connects 
to  the  commutator  segment,  with  respect 
the  position  of  the  coils  on  the  armature,  for 
the  purpose  of  obtaining  a  more  convenient 
position  for  the  diameter  of  commutation, 
that  is»  for  the  collecting  brushes. 

Leak*  Oscillatory  — A  leak  or  grad- 
ual loss  of  electricity  which  takes  place  in 

alternately  opposite  directions. 

Leak,  UnidlrectioiLal ^A  gradual 

loss  or  leakage  of  electricity  which  takes  place 

in  one  and  the  same  direction. 

The  term  has  been  employed  to  distingifbii 
such  a  leak  from  an  oscillatory  leak. 

Leakage     Conductor.— (See    Conduct^f^ 

Leakage) 

Leakage,    Electric  —The  gmdoil 

dissipation  of  a  current  due  to  insufficient  in- 
sulation. 

Some  leakage  occurs  under  nearly  all  circom* 
stances.  On  telegraphic  lines,  during  wirt 
weather,  the  leakage  is  often  so  great  as  to  mler- 
fere  with  the  proper  working  of  the  lines. 

Leakage,  EleetrostnUe —The  grad- 
ual dissipation  of  a  charge  due  to  tnsufficieot 
insulation. 

The  leakage  of  a  well  insulated  caiidiictar, 
placed  in  a  high  vacuum,  is  almost  inappreciafaltb 
Crookes  has  maintained  electric  charges  in  Ugk 
vacua  for  years  without  appreciable  loss.  J 

I^eakage^  Lateral,  of  Lines  of  Mngnelle 
Force — The  failure  of  lines  of  magQelto 
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pass  approximately  parallel  to  one 

[through  a  bar  of  iron  or  other  mag- 

!  material  when  it  has  come  to  rest 

netic  field  in  which  it  is  free  to 

scape  of  the  lines  of  magnetic  force 

lie  sides  of  a  bar  or  other  similar 

instead  of  from  the  poles  at  the 

a  bar  of  magnetizable  material,   sus- 
»  as  to  be  free  to  move,  comes  to  rest  in 
dc  field  in  which  it  is  undergoing  mag- 
it  has  its  greatest  length  parallel  to 
ption  of  the  lines  of  force.     If  the  bar  is  a 
B,  straight  bar*  the  lines  of  force  do  not 
I  or  come  out  at  its  ends.     On  the  con- 
ay  of  these  hnes  of  force  or  inductioin 
r  come  out  at  other  points.    The  mag- 
luction  is»  therefore^  unequal  at  dlHerent 
j  of  the  bar.     In  other  words,  the  roag- 
;  or  intensity  h  not  constant  per  unit  of 
i-sections  of  such  bar. 


Magnetic 


-A  useless  dis- 


I  of  the  lines  of  magnetic  force  of  a 
electric   machine,   or   other  similar 

l>y  their  failure  to  pass  through  the 
:  where  they  are  needed, 

ss  dissipation  of  lines  of  magnetic 

Btside  that  portion  of  the  field  of  a 
b-electric  machine  through  which  the 
fe  moves. 

m  leakage  can  be  detected  by  an  instni- 
iUed    a    magnetophone,     (See  Magneto- 

^c  leakage  results  in  lowering  the  cffi. 
i  the  dynamo.  (Sec  Coefficieni^  Econ^^ 
\  Dynamo'EUitrif  ^f^uhitu.\ 

ilie]l«*s     VolUic     CelL— {See    Cell, 
p  LicUnchiK) 

-"In  a  system  of  telephonic  exchange, 
I  ground  return  is  used,  a  single  wire, 
:  re  a  metallic  circuit  is  employed,  two 
^  connecting  a  subscriber  with  the 
iritchboard,  by  means  of  which  any 
>cr  may  be  legged  or  placed  directly 

with  two  or  more  other  parties. 

Clrcttit.— (See  Circtaf,  L€g  of,) 

Earth  l^imdraiit,— (See  Quadrant, 

rtJk^ 

I 


Legal  OhnL— (See  Ohm,  Legal,) 

Lc^ing-Key  Board.— (See  Board,  L^-^ 
gi'ng'Kry.) 

Leugtli  of  Spark.— (See  Spark,  Length 

Lena,  Achromatic  - —  —  A  lens  the 
images  formed  by  which  are  free  from  the 
false  coloration  produced  in  other  lenses  by 
dJsperslofu 

An  ordinary  tens  can  be  rendered  approxi- 
mately achromatic  by  the  use  of  a  diaphragnii 
Achromatic  lenses  generally  consist  of  the  cam 


a: 


LI 


(itass 


\/ 


A  C 

Fig,  S4^*    ^^«^  a  f^  O^potiit  Rt/r acting  Anght, 

bination  of  a  double  convex  lens  of  flint  glass  ao^ 
a  concave  lens  of  crown  glass. 

The  ray  of  light  entering  the  prism  ABC, 
Fig.  342,  suffers  dispersion  (separation  into  pri» 
matic  colors).      This  dispersion   in    the  saov 


Princi^  ^  Achromatism* 


medium  is  proportional  to  the  angle  g,  between 
the  incident  and  emergent  faces,  called  the  re. 
fraciing  angle. 

If,  now,  another  prism  B  C  D,  of  the  same  ma- 
leriat,  with  a  refracting  angle  g',  equal  to  g,  ts 
comhined  with  the  first  prism  in  the  manner 
shown  in  Fig.  342,  it  will  produce  an  equal  but 
opposite  dispersion,  so  that  the  ray  of  tight  wiU 
emerge  at  R\  free  from  rainbow  tints,  but  par* 
allel  to  its  original  direction. 

The  variety  of  glass  called  crown  gAiss  pro- 
duces only  half  as  great  dispersion  of  tight  as  the 
variety  called  yf/n/^/if//,  under  the  same  rei^act* 
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mg  angle  g.  If  the  prism  A  BC»ol  crown  glass, 
Fig.  34^  whose  angle  g,  is  twice  as  great  as  the 
refracting  angle  g  >  of  tbe  prism  B  C  D»  of  flint 
glasSt  be  placed  together  in  the  manner  shown, 
then  the  ray  R,  wnU  be  transmitted  at  R  \  free  Irom 
color,  dut  wilt  not  etmtge  puraii^d  to  its  origtnai 
iirectwm  ;  ia  other  words,  it  snfira  refraction  or 
bendii^.  Consequently  such  a  combination  can 
be  iised  lo  (rae  a  pencil  of  light  from  £ake  colora- 
tion and  yet  permit  it  to  undergo  refraction, 
and  thu3  act  as  a  Jens.     {See  Rf/ractian.) 

The  constnictjon  ot  achromatic  knses  is  based 
on  this  principle. 

The  crown  glass  is  genemlly  made  with  two 


f^*£-  S4S-^    Adkromatic 


convex  sorEaces  \  the  flint  glass,  with  one  con- 
cave and  one  plane  surface,  as  shown  m  Fig, 

344. 

Sometimes  both  surfaces  of  the  filnt  glass  are 
made  curved,  as  m  Fig.  345. 

Lenz*§  Iaw,— (See  I.jiw,  Lens's,} 

Letter   Box,    Electric A  de\ice 

that  announces  the  deposit  of  a  letter  in  a 
box  by  tbe  ringing  of  a  bell,  or  by  the  move- 
ment of  a  needle  or  index. 

These  dericcs  generally  act  by  the  closing  or 
opening  of  an  electric  circuit  on  the  Eall  of  the 
letter  into  the  box. 


ectrlej 


Lcfden  lar,— (See/tfr,  IJydmJ) 
Lejden  Jar  Pattery.— (Sec  Bmttery, 

den  Jar) 

Lfchtenberif^g  Bust  Flgnresi.— (See  fig- 
ures, Lichtenbtrg's  Dusi.) 

Life   Carre  of  Iitcan4esceni    Electrlel 
Lain II.— (See  Curve^  L$/e,  cf  IiUitndtik 
EUciric  Lamp) 

Life  of  Electrle  loeandetoeat  Lamfb— 
(See  LamPt  Imandescenl^  Life  of,) 

Lights  Auroral Tbe  light  ghm  off 

during  the  prevalence  of  a0  aurora*    (See 
Aurora  Borealis.) 

Liyirht,  Electrie Li^^bt  putxlaoed  bfj 

the  action  of  electric  energy. 

Electric  light  is  produced  by  dedric  energy  in 
▼arious  ways,  the  roost  important  oCwhicli  afe  at 
follows,  viz.: 

(t.}  By  the  passage  of  an  electric  dMinfe 
through  a  ga9  or  vapor,  cither  in  a  rarefied  ooodi- 
tioo,  at  ordiDary  atmospheric  pressure,  or  at  jire»^ 
sures  higher  than  that  of  tlie  ordinary  presBare. 
\i\  any  of  these  cases  the  gas  or  vapor  is  heated  to 
incandescence  by  the  passage  of  the  discharge. 

(2.)  By  the  incandescence  of  a  solid  by  tb« 
heating  power  of  the  current,  as  in  the  bcaodes- 
cent  lamp. 

(3.)  By  the  incandescence  of  a  solid  by  Hie  ic- 
^n  of  a  rapidly  alteniatuig  dectrostack  Md,  u 
m  Tesla's  incandescent  lamp. 

^4  )  By  Ll>e  volatilization  of  a  toUd  aod  the  Ibnn- 
alion  thereby  of  a  voltaic  arc 

(5.)  By  the  combination  of  the  effects  of  iacan- 
descence  and  the  voltaic  arc. 

The  amoiint  of  Ii^ht  produced  in  proportioo  to 
the  amount  of  energy  eapended  to  prodace  ^1 
15  probably  least  in  the  case  of  light  produocl 
by  the  sparks  of  a  Wimshurst  or  Holta  mifhipfi 
or  as  in  (i)<  than  in  any  01  her  case  in  nvhich  electric 
energy  acts  to  prodtioe  laminoitti  energy, 

LlfH  Elc^tHc,  Pntnpfii^  of (Scej 

Pumping  of  Eitctric  Light) 

Llifht,  lfi1en§ltyof ^Thc  brilliaiic 

or  illuminating  power  of  a  light  as  measuredl 
by  a  photometer  in  standard  candles  or  olherl 
standard  units.  (See  Pkotomeier,  Candi^ 
Sfamdard) 

Uf^ht,  Max  weirs  Elf^tm  -  Magafiitf 
Theory    of  - — —   — A  hypoificsis  lor  thf 
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^  or  light  proposec'  by  Ma3^^'ell,  based 
be  reiations  existing  between  the  phe- 
i  «f  Kghl  and  those  of  elect ro-magnct- 

re!r»  electro- magnetic  theory  of  light  as- 
I  tha-t  the  phenomena  of  light  and  magiiet- 
t  each  due  to  certain  motions  of  Ihe  ether* 
jity  And  magnetism  being  due  to  its  rota* 
1  and  fight  to  osdlUtions,  or  its  to^otid-fro 

KwcU  proposed  this  theory  to  show  that  the 
kmcna  of  tight,  heat,  electricity  and  magnct- 
lOuld  all  be  explained  by  one  and  the  same 
p  viz»,  a  vibratory  or  oscillatory  motion  of 
Irtlcles  of  the  hypothetical  eiher.  Maxwell 
before  completing  his  hypothesis,  and  it  has 
Lsince  been  sufficiently  developed  to  thor- 
y  entitle  it  to  the  Dame  of  a  theory.  This 
f  has  more  recently  been  elaborated  by 
U  (Sec  EUctriciiy^  Hirtzs  7%eory  of  EUc* 
%gHitu  Radiations  or  Waves,) 
ere  are,  however,  numerous  considerations 
I  render  it  probah!c  that  electric  and  mag- 
phonomena,  like  those  of  light  and  heat, 
Hicir  origin  in  a  vibratory  or  oscillatory  mo- 
ff  the  luminiferous  ether.  A  few  of  these, 
luted  out  by  MaxwclU  S.  P,  Thompson, 
1^  Lardcn  and  others,  are  as  follows; 
)  It  is  possible  that  the  thing  called  clcc- 
|li  Hue  ether  itself,  negative  electrificatton 
Ifng  in  in  ixnst  of  the  ether,  and  poiitive 
tfaatioci  in  a  deficit.  (See  Eltttridty,  Sim- 
MiHypoik€5uof.) 

I  It  ii  possible  that  electrostatic  phenomena 
I  in  a  strain  or  drjorfnation  of  the  ether. 
\fitrtc  may  ditTer  from  a  conductor  in  that 
prner  may  have  such  an  attraction  for  the 
lai  fD  give  it  the  properties  of  an  elastic 
phile  iu  the  latter  the  ether  is  so  free  to 
■hat  DO  strain  can  possibly  be  retained  by 
Ice  Dielectric .  Condmtar.^ 
\  Didectrics  are  transparent  and  conductors 
Lq«. 

ve  are  exception!  to  this  in  the  case  of  vul- 
fbnd  many  other  excellent  dielectrics^  Nor 
I  lbi«  similarity  be  expected  to  be  general  in 
If  the  well  known  differences  that  exist  be- 
r  aild  transparency. 
I  poiAle  diAt  an  electric  current  con- 
f  a  real  tnolioii  ot  translation  of  the  ether 
I  a  conductor, 
n  possible  that  electromotive  force  re- 


suits  from  differences  of  tiher  /r^UMTier.    This 

would  of  course  follow  from  (4). 

(6.)  The  vibrations  of  light  are  propagated  in 
a  direction  at  right  angles  to  the  direction  in 
which  the  tight  is  moving.  The  magnetic  field 
of  a  current  is  propagated  in  planes  at  right 
angles  to  the  direction  in  which  the  current  is 
flowing. 

(7.)  It  is  possible  that  lines  of  electrostatic  and 
magnetic  force  consist  of  chains  ol  polarized  ether 
particles. 

(8. )  The  velocity  of  propagatian  of  light  agrees 
very  nearly  with  the  velocity  of  propagation  of 
clectro-magnetic  induction*   (See  Rati^  Velocity ^"s 

(9. )  In  certain  axial  crystals  the  diflereocc  ol 
transparency  in  the  direction  of  certain  axes, 
corresponds  with  the  directkm  m  which  such 
crystals  conduct  electricity. 

Recent  investigations  render  it  almost  certain 
that  light  and  electro- magnetic  waves  or  radia- 
tions are  one  and  the  same,  and,  therefore,  have 
the  same  velocity  of  propagation  through  free 
ether.  Through  fixed  ether,  that  is,  through  the 
ether  that  exists  between  the  molecules  of  differ- 
ent kinds  of  matter,  as  fs  well  known,  the  velocity 
of  propagation  differs  with  different  substances, 
(See  Electricity,  Hertz's  The^iy  ef  Ele^r^-Mag- 
neiic  Riidiations  or  IVuves, ) 

Li^ht,    Nortliem (See    Aurora 

B&realis.) 

Lfgrbt,  FlatinnmStandaril The 

light  emitted  by  a  surface  of  platinum  one 
square  centimetre  in  area,  at  its  temperature 
of  fusion. 

This  is  called  t!ic  Violle  Standard  and  is  ca» 
tcnsively  u^ed  in  France. 


Ll^lit,  Hearrh,  Aiitoinatlc 


-A  search 


light  in  which  a  parallel  or  slig:htly  diverging 
beam  of  light  is  automatically  caused  to 
sweep  tlie  horizon,  and  thus  disclose  the  aji- 
proach  of  a  torpedo  boat  or  other  similat 
danger. 

This  is  called  an  automatic  search  kight  because 
it  may  be  caused  to  automatically  sweep  the  hoH  • 
jton,  instead  of  being  manipulated  by  hand,  as 
usual. 


Lisrht,  Sean-h,  Electric 


-An  electric 


arc  light  placed  in  a  focusing  lamp  before  a 
lens  or  mirror,  so  as  to  obtain  cither  a  parallel 
beam  or  a  slightly  divergent  pencil  of  light 
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for  lighting  the  surrounding  space  for  pur- 
poses of  exploration. 

Uglit  Sontliern  — —  — (See  Aurora 
Ausiraiis.) 

flight,  Tail  ^—  ^Alight displayed  at  the 
rear  end  of  trains  in  order  to  avoid  rear  colli- 
sions*    (See  Ra/lroads,  Block  Sysf^m  for.\ 

litgliter,  GEg|in  Electric  ^ An  ap- 
paratus for  electrically  lighting  a  cigar. 

A  cigar  lighter  consists  essentially  of  a  wire  or 
rod  of  refractory  substance,  rendered  incandes- 
cent by  the  passage  of  a  current  obtained  from  a 
voltaic  battery,  secondary  generator*  or  other 
electric  source. 

lighter,  Elwtric,  Argand ^A  name 

Boroctimes  given  to  an  argand  electric  plain- 
pendant  burner,  (See  Burner^  Argand^ 
Electric ^  Plain-Pendant^ 

Lighter,  Electric,  Argaiid  Talve 

A  name  sometimes  given  to  an  argand  elec- 
tric ratchet-pendant  burner.  (See  Burner^ 
Argand- Electric^  Ratchet-Penda  n/.] 

Lighthonse  Illumiiiat!oii,  Electric 

—(See  liluminaiiOfi,  Lighthouse,  Electric.) 

Lighting,  Arc Artificial  illumina- 
tion obtained  by  nieans  of  an  arc  light. 

The  term  arc  lighting  is  used  in  contradistinc- 
tion to  incandescent  lighting.  In  the  United 
States,  and,  indeed^  generally,  a  nunilicr  of  arc 
lights  are  placed  in  series  on  the  line  circuit,  con- 
nected generally  with  a  series  dynamo.  Each 
of  the  lamps  Is  provided  with  a  safety  cut -out, 
which  cuts  out  or  reniovt?5  a  defective  lamp  frf*m 
the  circuit  by  automatically  turning  or  sv^itchiug 
the  current  through  a  shunt  of  low  resistance. 

Light i  tig.  Elect rlc»  by  High  Preqwency 

Currents A  system  of  electric  lighting, 

in  which  rods,  bars  or  filaments  of  carbon  or 
other  refractory  substances  are  raised  to  in- 
candescence when  placed  in  a  rapidly  alternat- 
ing electrostatic  field* 

This  system  of  electric  lighting  was  invented 
by  Nikola  TesU,  Its  general  principles  will  be 
UDderstood  from  an  inspection  of  Fig,  346. 

G,  is  a  dynamo  producing  alternating  currents 
of  comparatively  low  potential.  A  portion  of  its 
current  P,  acting  as  the  primary  of  an  induction 
coiJ,    induces     Alternating    currents     of     high 


potential  in  the  secondary  drcoit  S,  wWch, 
charging  the  condenser  C,  is  disniptively  dis- 
charged into  the  circuit  A,  provided  with  an  air 
gap  at  A'  through  P'.  The  inductive  action 
of  P',  on  S'y  produces  osdilatory  currents  oi 
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F^  34^. 


TttU*w  ffffh  F^mmcy  Ckrrtmt§ 
Sytitm  o/Li^ktinf 


i 


i 


enormous  frequency  and  potential  In  the  second- 
ary circuits  connected  therewith.  In  the  ap- 
paratus shown  in  Fig,  346,  two  incandescent 
electric  lamps  are  connected  with  the  secondary 
circuit,  one  with  a  single  straight  filament,  and 
the  other  with  a  ball  conductor.  The  other 
terminal  of  S\  is  connected  to  the  walls  of  the 
room  to  l>e  lighted.  (See  iMmp^  Ineandtumt, 
Straight  Filament.  Lamp^  Electric^  fmandiu 
cent  BalL) 

Lighting,  Electric,  Central  Station 

— The  lighting  of  a  number  of  houses  or  other 
buildings  from  a  single  station,  centtally  lo- 
cated. 

Central  station  lighting  is  distinguished  from  iso* 
lated  lighting  by  the  £act  that  a  number  of  sepa- 
rate buildings,  houses  or  areas,  are  lighted  by  the 
current  produced  at  a  single  station,  centrally 
located,  instead  of  from  a  number  of  separate 
electric  sources  located  in  each  of  the  houses,  etc., 
to  be  lighted.     (Sec  Electricity^  Diitribufi«m  <»/) 

Lighting,  Electric  Oas  —  —Igniting 
gas  jets  by  means  of  electric  discharges. 

Electric  sparks  are  caused  to  pass  thitiugh  a 
jet  of  escaping  gas,  and  thus  to  light  it  These 
sparks  are  obtained  &om  a  spark -coQ,  t.  ^.,  a 
coil  of  insulated  wire  connected  in  scries  with 
the  circuit  so  as  to  produce  an  extra  current  on 
the  sudden  breaking  of  the  circuit,  the  discharge 
of  which  produces  a  spark  capable  of  igniting  the  fl 
gas.  In  cases  where  a  number  of  burticrs  are  to  fl 
be  simultaneously  lighted  the  sparks  required  for 
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g  the  gas  are  obtained  from  the  secondary 
'<of  in  induction  coil.  (See  BurHt-r,  Auiomatic 
EUcirU,\ 

Lighting,    Electric,    Isolated A 

stem  of  electric  lighting  where  a  separate 

ie   source  is  placed  in  each  house  or 

to  be  lighted,  as  distinguished  from  the 

ntral  station  lighting,  where  eleciric  sources 

are  provided  for  the  production  of  the  current 

required  for  an  entire  neighborhood. 

I    Lighting-,  Eloetric,  Long*  A  re  Systoni  of 

• A  system  of  electric  lighting  in  which 

long  arcs  are  maintained  between  the  carbon 
electrodes, 

Lt^btln^,    Etcctric,    Short-Arc    System 

— A  system  of  electric  lighting  in  which 
ihort  voltaic  arcs  are  maintained  between  the 
bon  electrodes. 
Systems  of  short  arcs  require  an  electromotive 
force  of  about  25  volts,  which  is  about  one-half 
that  employed  in  long  arcs.  To  develop  an 
equal  amount  of  heat  energy  in  a  short  arc  as  in 
a  long  arc,  therefore,  requires  that  the  current  be 
of  double  strength. 

The  greater  part  of  the  light  of  a  voltaic  arc 
is  given  off  from  a  tiny  crater,  which  is  formed  in 
the  end  of  the  positive  carbon.  In  the  short- arc 
iystem  the  crater  lies  so  near  the  negative  carbon 
that  much  of  its  light  is  necessarily  ohsoired,  and 
tronblesoine  shadows  are  sometimes  produced. 
^^The  long -arc  system  avoids  these  difficulties. 

^H^  LIf  It  tiling. — The  spark  or  bolt  that  results 
^^■Hli  the  disruptive  discharge  of  a  cloud  to 
^HK  earth,  or  to  a  neighboring  cloud.  (See 
^^^Uciriciiy,  Atmospheric,  Kite,  Franklin* 5, \ 

Lightning      Arrester.— (See     Arrester, 
Ughtning.) 

kLIflitning,    Back -Stroke    of ^-An 
Icctric   discharge*   caused    by    an    in<luc:ed 
harge.  which   occurs  after  the  direct   dis- 
charge of  a  lightning  flash. 

The  shock  is  not  caused  by  the  hghtning  flash 
itself,  but  most  probaVjly  by  a  charge  which  is  in- 
iticed  in  neighboring  conductors  by  the  discharge. 
\  similar  effect  may  be  noticed  by  standing  near 
conductor  of  a  powerful  electric  machine, 
ED  tliocks  are  felt  at  every  discharge. 
The  ttack-stroke  has  been  ascribed  by  many  to 


the  osciltations  by  which  a  disruptive  discharge 
is  effected,    {^sc^  Discharge ^  Oscii/attng.) 

The  effects  of  the  return  shock  are  sometimes 
quite  severe.  They  are  often  experienced  Oy 
sensitive  people,  on  the  occurrence  ot  a  lightning 
discharge,  at  a  considerable  distance  from  the 
place  where  the  discharge  ocoirred. 

In  some  instances,  the  return  stroke  has  been 
sufficiently  intense  to  cause  death.  In  general, 
however,  its  effects  are  much  less  severe  than 
those  of  ttie  direct  lightning  discharge. 

Lightning,  Ball —  A  name  some- 
times given  10  globular  lightning,  (Sec 
Ligkining,  G iota  la  r,) 

Lightning,    Chain —A     variety    of 

lightning  flash  in  which  the  discharge  takes 
a  rippling  path,  somewhat  resembling  a 
chain. 

Lightning  Conductor.— (See  Rod,  Light- 
ning.) 

Lightning,   Forked ^  — A    variety  of 

lightning  flash,  in  which  the  discharge,  on 
nearing  the  earth  or  other  object,  divides  into 
two  or  more  branches. 

Lightning,  Olohuiar A  rare  form 

of  lightning,  in  which  a  globe  of  fSre  appears, 
which  quietly  floats  for  a  while  in  the  air  and 
then  explodes  with  great  violence. 

The  exact  cause  of  globular  lightning  is  un^ 
known.  Phenomena  allied  to  it,  however,  have 
l^en  observed  by  Plants  during  the  series  dis- 
c  h  arge  of  his  rheosta  tic  ma  chin  e*  Similar  p  heno  - 
mena  are  sometimes,  though  rarely,  observed 
during  the  discharge  ofa  powerful  l^ey  den  battery. 
Sir  Wm.  Thomson  ascribes  the  eflfect  to  an  optical 
illusion  due  to  the  persistence  of  the  visual  imprcs 
sion  of  a  bright  flash.  Thi^,  however,  would  not 
account  for  the  explosion  which  almost  invariably 
attends  globular  lightning. 

Llghtnlni?  Gnard.— (See  Guard,  Light- 
ning:) 

Lightning,      Heat A     variety    of 

light  ning  fl.ish  in  which  the  discharge  lights 
up  the  surfaces  of  the  neighboring  clouds. 

Sheet  lightning  is  unaccompanied  by  thunder. 
It  may  be  regarded  as  a  brush  discharge  from  one 
cloud  to  another. 

Heat  lightning  Is  a  variety  of  sheet  lightning 
(See  Ughining^  Sheet,) 
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Lijclitiiing  Jar,— (See  Jar,  L^ktning:) 
Ligrkiniit^,    Return-Stroke    of ^  — A 

term  sometimes  applied  to  the  back^stroke  of 
light  n  i  ng,     ( See  Z  igh  fni'it^,  Back*Sfrok€  of. ) 

Light iiing  Rwl  for  Slilps.— (See  Rod, 
Lightning,  far  Shipi.) 

Lightning,    Sheet A    variety    of 

lightning  flash  unaccompanied  by  any  thunder 
audible  to  the  observer,  in  which  the  entire 
surfaces  of  the  clouds  are  illumined. 

The  cause  of  sheet  lightning  has  been  ascribed 
to  reflection  from  clouds  of  lightning  flashes 
that  occur  too  far  bslow  the  horizon  either  to 
permit  them  to  l>e  directly  seen,  or  the  thunder 
to  l>c  heard. 

If  a  Gelsslcr  tube,  which  conlaias  several  con» 
centric  tubes,  be  charged  by  a  Holtz  machine, 
and  then  touched  at  different  parts  by  the  hands, 
a  succession  of  luminous  dtscharges  wilt  he  seen 
in  the  dark,  that  hear  a  remarkable  resemblance 
to  the  flashes  of  heat  or  sheet  lightning, 

LiSjhtning  Stroke,— (Sec  Strekt,  Light- 

fiiffg:) 

Llg^htniu^  Strokes  B«ek  or  Eeturn 

— (Sec  Stroke,  Ligkining,  Back  or  Return.) 

Lightning,  Summer A  nameson>e- 

timcs  given  to  heat  lightmng-  (See  Light- 
ning, Heat) 

Lightning,  Volcanic The  lightning 

discharges  that  attend  most  volcanic  erup- 
tions. 

Votcaiiic  light ning  is  possibly  sometimes  due  to 
the  friction  of  volcanic  dust  particles  against  one 
another,  or  against  the  air,  but  is  more  probably 
caused  l>y  the  sudden  condensation  of  the  water 
vapor  that  is  generally  disengaged  during  volcanic 
eruptions. 

Lightning,  Zlgiiig — The  common- 
est variety  of  lightning  flashes,  in  which  the 
discharge  apparently  assumes  a  forked  zig- 
zag, or  even  a  chain-shaped  path. 

This  form  is  seen  in  the  discharge  of  a  Holtz 
machine,  or  of  a  Ruhmkorff  Imiuctwn  Coit, 

Photographic  pictures  of  such  lightning  dis- 
charges appear  to  show  that  these  discharges  are 
in  reality  zigzag  curv^,  rather  than  sharp  angu- 
lar xigzags. 


Lttniting  St4>|^^See  Stop,  Limiting.) 

Limb,  Eheoseaplc  — A  icrro  some*  ] 

times  applied  to  a  sensitive  ncr>'e  muscle  prep- 
aration, employed  to  detect  the  presence  of  1 
an   electric  current.     (See  Frog,   Gaham**  ' 
scope,) 

Line. — A  wire  or  other  conductor  connect- 
ing any  two  points  or  stations. 

Line,  Aeliuie ^A    line   connecting  \ 

places  on  the  earth  s  surface  which  have  no 
magnetic  inclination. 

The  magnetic  equator  of  the  earth.  (See 
Equator,  Magnetic,) 

Line  Adjuster.— An  instrument  invented 
by  Delany  for  overcoming  the  effects  of  leak- 
age on  the  adjustment  of  the  relays  in  a  way 
line. 

When  any  key  is  opened,  the  line  circuit  i* 
simultaneously  broken  at  both  ends  so  that  there 
is  a  moment  of  no  current,  wliicb  causes  atl  tlie 
relays  to  respond r 

Line,  Aerial An  air  line  as  di*- 

linguished  from  an  underground  conductor. 

Line,  Agonic  — —  — A  line  connecting 
places  on  the  earth's  surface  where  the  mag- 
netic needle  has  no  declination,  or  where  it 
points  to  the  true  geographical  north*  (See 
Agonic) 

Line,  Artttleial  — -A  line  so  made  up 

by  condensers  and  resistance  coils  as  to  have 
the  same  inductive  effects  on  charging  or  dis- 
cliarging  as  an  actual  telegraph  Une. 

Id  duplex  telegraphy  by  the  diSerential  methods 
the  artificial  line  used  most  have  its  capKrtir 
balanced  against  that  of  the  line,  so  as  In  avoid 
the  effects  of  self-induction,  and  other  cflEecti 
duced  by  charging  and  discharging. 

Line,  Capacity  of  —  —The  abdity 
Une  or  cable  to  act   like  a  condenser^ 
therefore  like  it  to  possess  a  capacit)*.    (Sec 
Cable,  Capacity  of,) 

Line  Circuit.— (See  Circuii,  Line) 

Line   Circuit,  Telegraphic ^Sec 

Circuit,  Line,  Teiegrapkic.) 

Line,  Central,  of  a  Magnc^t A  line 

joining  the  neutral  points  of  a   magni^  o^ 
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nts  approximately  midway  between  the 

;>les. 

Thk  Is  sometimes  caUed  the  equator  of  the 
magnet* 

The  nentnt  point  is  the  poinl  whete  the  lines 
of  force  outside  the  xnaguct  extend  paraUel  to  the 
surface  of  the  magneL — {H^ing.) 

Line,  Neatral«  af  Commutator  Cylinder 

A  line  on  the  commutator  cylinder  of 

a  dytuuno-clectric  machine  connecting  the 
eutral  points,  or  the  points  of  maximum 
positive  and  negative  difference  of  potential. 
(See  Machine  ^  Dynamo- Elect  He.) 
Line  of  Least  Sparkinf .— (See  Spar  king  y 
\east  Um  of.) 

Line,  Single- Wire A  term  some- 

les  used  for  a  solid- wire  conductor.  (See 
Life,  S&lid.) 

Line,  Solid  —A  tine  formed  of  a 

single  conductor*  as  distinguished  from  a  line 
Drmed  of  several  conductors  or  by  a  stranded 
able, 

Llite^  Stranded A  line  formed  of 

"several  strands  or  separate  conductors  twisted 
into  one» 

Llne^  Telegraphic,  Teiepfaonie,  etc, 

— The  conducting  circuit  provided  for  the 
transmission  of  the  electric  impulses  or  cur- 

tnis  employed  in  any  s)^em    of  electric 
ansmission. 

Liiie,  Telpher The  conducting  line 

used  in  a  system  of  •dphcrage.    (^See  Tei^ 

Line,   Through A  line    eirteiiding 

twecn  two  terminal  points,  as  distinguished 
om  a  line  containing  way  stations. 

Line,  Tmnll In  a  system  of  lele- 

bomc  cornmunicaiion  any  line  connecting 
ftt  stations  and  used   by  a  number  of 
►  at  each  end  for  purposes  of  inter- 
nmuntcation. 

Line,  Way A  line  communicating 

with  way  stations. 
I    Uiie  Wire.— (See  Wire,  Line,) 

Lineman.— On**  who  puts  up  and  repairs 
line  circtiits  and  attends  to  the  de\'ices  con- 
ted  therewith. 


In  a  system  of  electric  lighting  the  lineman 
attends  to  carbomng  the  lamps,  cleaning  the 
lamp  rods,  and,  generally^  to  the  minor  details  of 
the  lines^  insulators  and  the  eLectro-receptive  de- 
vices placed  on  the  line. 

Lines,  Ualleyan A  term  soroetunes 

applied  to  the  isogona]  lines. 

The  isogonal  lines  are  sometimes  called  the 
Ualleyan  Zincs,  Ixom  lialley,  who  published  the 
first  chart  of  such  lines  in  the  year  1701. 

Lines,  Isoharic  — Lines  connecting 

places  on  the  earth's  surface  which  simulta- 
neously have  the  same  barometric  pressure. 

The  Lsotxaric  lines  are  sometimes  called  isobars. 

Lines,  IsocHnle —Lines  connecting 

places  that  have  the  same  angle  of  magnetic 
dip  or  inclination.     (See  Dip,  Magnetic.) 

Lines,  Isodyiiamic Lines  connect* 

ing  places  which  have  the  same  total  mag- 
netic intensity. 

The  magnetic  intensity  of  a  place  is  determined 
by  the  number  ol  oscillations  that  a  small  mag- 
netic needle,  moved  from  its  portion  of  rest  in 
the  magnetic  meridian  of  any  place,  makes  in  a 
given  time*  This  method  is  similar  to  that  em- 
pbyed  for  determining  the  intensity  of  gravity  at 
any  place  by  ot«erving  the  number  of  oscillations 
that  a  pendulum  of  a  given  length  makes  in  a 
given  time  it  that  place.  If;  for  example,  a  mag- 
nctic  needle  at  one  place  makes  21 1  o^illations  m 
ten  minutes,  and  245  m  the  same  time  at  another 
place,  then  the  relative  intensities  of  magnetism 
at  these  places  are  a-s  the  squartfs  of  thrj^c  num- 
ber*, or  as  44,521  ;  60,025,  or  as  I  :  1,348. 

Line^  Ijogonal  —Lines  connecting 

places  that  have  the  same  magnetic  declina- 
tion.    (See  Declination) 

Line^  Iso^itic —A  term  sometimes 

used  for  isogonal  lines,    (See  Lines,  hogcnaL) 

Lines*,  iiMitlieriiial  ^ Lines  connect- 
ing points  or  places  which  have  the  same 
mean  temperature, 

Lines  iCapp  — A  ttrm  proposed  by 

Mr.  Gisbert  Kapp  for  a  unit  of  lines  of  mag- 
netic force. 

One  Kapp  line  =  6,000  C.  G.  S.  magnetic  lines. 

Since  there  are  6.4514  square  centimetres  in  a 
sqtiare    inch,    t    Kapp    line    per   tquai«   inch 

=  -^  '       -  =  930  C.  G.  S.  lines  per  square  tm. 
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The  totil  number  of  K^pp  lines  passing  through 
ai  magnet  and  air  space  is  equal  lo  the  ampdre 
turns  divided  by  the  lotal  magnetic  reluctance  in 
the  magnetic  circuit. — {Urquhart.) 

Lines  or   Electrk   Displacement— (See 

Displacement,  Eiectrk,  Linet  of.) 

Lines  of  Elect  roBtntic  Force.— (Sec  Force, 
Electrostatic,  Lines  of.) 

Lines  of  Force,  Cuttings i^^t.  Farce. 

Lines  of.  Cutting) 

Lines  of  Force,  Direction  of — (See 

Force,  Li  pics  of.  Direction  of.) 

lines  of  Inductive  Action.—  (See  Action, 
Inductive,  Lines  of.) 

Lines  of  Magnetic  Force— (Sec  Forte, 
Magnetic,  Lines  of.) 

Lines  of   Me^uetlc    Force,  Conducting 

Power   for  —(See   Force,   Magnetic, 

Lines  of.  Conducting  Power  for.) 

Lines  of  Magnetic  Indnctlon.— (See  In- 
duciion,  Magnetic,  Lines  of.) 

Lines,  Overhead  — A  term  applied 

to  telegraph,  telephone  and  electric  light  or 
power  lines  that  run  overhead,  in  contradis- 
tinction to  similar  lines  placed  underground. 

Lines,  Yortex-Stream  — —  —Lines  ex- 
tending in  the  direction  in  which  the  particles 
cf  a  fluid  are  moving. 

A  vortex  stream  is  supposed  to  be  composed  of 
a  Kumber  of  vortex  stream  lines. 

Linked  Magnetic  and  Electric  Chain. — 
(See  Clta in ,  L tnktd Magnetic  and  Elec  trie. ) 

Links,   Fase  —Strips  or  plates  of 

fusible  metal  in  the  form  of  links,  employed 
loi  safety  fuses  for  incandescent  or  other 
circuitSt 

Ll4|uJd,  Bright  Dipping A  liquid 

used  in  cicciro-plaiing  lor  dipping  articles 
preparatory  to  electro-plating,  so  as  to  insure 
a  bright  plating  deposit  on  them  when  after- 
wards subjected  to  the  plating  process, 

A  bright  dipping  Uquid  is  prepared  by  the  ad- 
dition of  I  volume  of  common  table  salt  to  a 
mixture  of  loo  volumes  each  of  sulphuric  and 
nitric  adds.  For  small  cbjects  or  articles  of 
copper,  cr  other  readily  corrcded  metals,  the 


above  solution  is  diluted  by  the  addition  of  one 
eighth  Its  volume  of  water. 

Liquid,   Electropolon A  battery 

liquid  consisting  of  I  pound  of  bichromate 
of  potash  dissolved  in  lo  pounds  of  water^to 
which  2^  pounds  of  commercial  sulphuric 
acid  has  been  gradually  added. 

This  liquid  is  employed  with  the  carbon -zinc 
cell  or  the  bichromate  of  potash  cell. 

Liqnid,  Exciting,  of  Voltaic  Cell 

The  electrolyte  or  liquid  in  a  voltaic  ceD. 
which  acts  on  the  positive  plate. 

Liquid  Level  Alarm,— (See  ^/arw,  Wedit 

or  Liquid  Lezfel,) 

Liijnld  liesistnnce  Load,— (See  Loaa 
Liquid  Resistance,) 

Liqnid,  Stripping  —A  liquid  em- 
ployed to  remove  a  coatmg  of  one  metal 
from  the  surface  of  another,  without  affecting 
the  other  metal. 

The  character  of  the  stripping  liquid  used  will 
depend  on  the  kind  of  metal  to  be  removed, 
whether  the  stripping  is  to  be  accomplished* 
solution  effected  by  chemical  action,  or  by  electro- 
lytic action. 

Liquid,  8pcclilc   Resistance    of 

(See  Resistance,  Specific,  of  Liquid,) 

Liquor,  Spent Any  liquor,  such  as 

that  in  the  acid  or  other  baths  used  in  clectro- 
plating*  that  has  become  weakened  by  use. 

Listening  Cum. — (Sec  Cam,  Listefting,) 

Lfmd,  Liqnid  Ee»i»t&nce —  An  ani^ 

ficial  load  for  a  dynamo-electric  machine, 
consisting  of  a  mass  of  liquid  interposed  be- 
twccr.  electrodes. 

A  liquid  is  generally  rendered  better  condacf^ 
ing  by  the  addition  of  a  small  quantity  of  soluble 
salt,  such,  for  example    as  sulphate  of  soda. 

Local  Action  of  Dynnnio- Eiectrk  Ha- 
chine,— (See  ActioH^  Ltced,  of  Dynam> 
Electric  Machine,) 

Locttl  Action  of  Toltaio  CelL— (Sec  Ac^ 
tion.  Local,  of  Voltaic  CelL) 

Local  Battery,— (See  Battery^  LccaL) 

Local  Battcrf  Clrealt— (See  CifCHir 
L  ocal-Battery^ 
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'      Local  Cttirents,— (See  Currents,  Local.) 

Local  Faradization,— (See  Faradization, 
L^caLy 

Local    OalvaHlzation.— (See  Gahfaniza- 
fian^  Loira/.) 

Locuttzatioti    of  Faults.— (See    Faults, 
Lacali2atiim  o/,) 

Lockf  Electric A  lock  that  is  au- 

omatically  unlocked  by  the  aid  of  electricity. 

The  electric  lock  is  so  arranged  that  the  action 

of  a  push  button  at  a  distance  unlocks  the  door. 

A  speaking  tube  communicates  with   the  house, 

[  the  pressing  of  a  push  button  on  any  floor  of 

I  house  unlocks  the  door.     Tlie  mere  shutting 

r  the  door  locks  it, 

A  form  of  dectric  lock  is  shown  in  Fig.  347, 


t^k-  34  7      Ekctrie  lack. 


Locomotive,    Electric  - 


-A    railway 


engine  whose  motive  power  is  electricity. 
(See  Railroads,  Elect ric^) 

Loeomotire  Head  Light,  Electric 

(Sec  Head  Light,  Locomotive.) 

I  Lodestonc— A  name  formerly  applied  to 

I  an  ore  of  iron  (magnetic  iron  ore),  that  natu- 
^Bally  possesses  ihe  power  of  attracting  pieces 
H^  iron  to  it. 

I  Lodcstonef  or  magnetic  tron  ore,  must  be  re- 

f  irdod  as  a  magnetizable  substance  that  has  be* 
come  permanently  magnetic  from  its  situation  in 
the  earth's  magnetic  field.  Such  beds  of  ore 
conceatrate  the  lines  of  the  earth's  magnetic  field 
on  khem,  and  thus  become  magnetic. 


Lodge's  Standard  Voltaic  Cell.  —(See 
Celh  Voltaic,  Standard,  Lodges.) 

Log,  Electric  — - — -An  electric  device 
for  measuring  the  speed  of  a  vesseL 

A  logi  operated  by  the  rotation  of  a  wheel,  is 
caused  to  register  the  number  of  its  rotations  by  a 
step,  by -step  recording  apparatus  operated  by 
breaks  in  the  circuit*  made  during  the  rotalion 
of  I  he  wheel,  at  any  given  number  of  turns^  say 
100,  or  some  other  convenient  multiple.  Such  a 
log  may  be  kept  constantly  in  the  water^  and  ob- 
served when  required,  or  it  can  be  caused  to 
make  a  permanent  record  ol  its  actual  speed  at 
any  time  during  the  entire  run. 

Logarithm.— The  exponent  of  the  power 
to  which  it  is  necessary  to  raise  a  fixed  num- 
ber, in  order  to  produce  a  given  number. 

A  table  of  logarithms  enablei  the  operations  of 
multiplication^  division,  the  raising  of  powers, 
and  the  extraction  of  roots,  to  be  readily  per- 
formed by  simple  addition,  subtraction,  multi- 
plication  or  division,  respectively.  When  thor- 
oughly luidcrstoodj  logarithms  greatly  reduce  the 
1  abor  of  mathematical  cal culations ,  For  the  man 
ner  in  which  they  are  used,  the  student  Is  referred? 
to  any  standard  work  on  mathematics. 

Ltigarithmic  €ur?e,— (See  Cunie,  Loga- 
rithmic^ 

Long-Coll  Magnet.- (See  Magnet,  Lcng^ 
Coil,) 

Long^'ore  Electro-Magnet.— (See  Mag- 
net^  Electro,  Long-Core.) 

LoDg-Hhuut  Compound' Woiiud  Oyiiamo- 
Electric  Machine.— (See  Machine,  Dyna- 
mo-Electric, Compound- Wound,  Long- 
Shunt.) 

Longitude,   Electric    Determination    of 

— The  determination  of  the  longitude  of 

a  place,  by  di Terences  in  time  between  it  and 
a  place  on  the  prime  meridian,  as  simultane- 
otisly  determined  telegraphically. 

In  determinations  of  this  character  allowance 
must  be  made  for  the  retarding  effect^  of  long 
telegraphic  lines,  or  cables. 

Loom,  Electrfe  ^^^  —A  device  by  means 
of  which  Jacquard  cards  in  the  ordinary  locr 
are  replaced  by   a  simple   perforated    metal 
plate,  the  perforations  in  which  correspond 
to  those  ui  the  Jacouard  card. 
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The    necessary    movements   are   eifoeled    by 

means  of  electro-magnets. 

L<K>p  Break. — A  device  for  introducing  a 
loop  in  a  break  made  at  any  part  of  a  circuit. 

The  rigidity  of  the  line  wire,  between  the  points 
of  attachment  of  the  loop  introduced,  is  main- 
tained  by  means  of  some  inflexible  non-conductirnj 
material  inserted  in  the  break. 

Loop  Circuit— (See  Circuit,  Loop) 

Lcmp,  Brlp  — —  —An  inclined  foop  placed 
where  the  outside  conductors  enter  a  build- 
ing. 

The  inclination  is  upwards  towards  the  pomt 
of  entrance  to  the  building.  This  device  of 
a  drip  loop  is  adopted  for  the  purpose  of  prevent- 
ing the  rain  water  from  flowing  along  the  inclined 
wire  into  the  building.  This  is  effected  by  making 
the  wire  incline  from  the  building^  thus  throwing 
the  drainage  from  the  buikling. 

Loop,  Elef  trfc A  portion  of  a  main 

circuit  consisting  of  a  wire  going  out  from 
one  side  of  a  break  in  the  main  circuit  and 
returning  to  the  other  side  of  the  break. 

Loops  are  employed  for  the  purpose  of  con* 
necting  a  branch  telegraph  office  with  the  main 
line;  for  placing  one  or  more  electric  arc  lamps 
on  the  main  line  circuit;  for  connecting  a  mcs- 
tenger  call  xiit  tehp hone  fiVrtwV  with  a  main  line; 
and  for  numerous  similar  purposes. 

Loops  of  Fon'e. — (Sec Forte,  Loops  of.) 

Loops  of  Mutual  Indnctfon. — (Sec  Indue* 
tion^  Mutual^  Loops  of,) 

Low-RcsViAtfince  MagiK^t.- (See  Magnet, 
L&W'Resisiance.) 
Low-Tension  Electric  Fus^e.— (See  Fuse, 

EUctriCt  LiTd)'  Tension) 

Loxodrograph. — An  apparatus  for  electri- 
cally recording  on  paper  the  actual  course  o' 
a  ship  by  the  combined  action  of  magnetism 
and  photography. 

Lucos.---Pluriil  of  lux.     (See  Lux) 

Luiuineseonc**.— A  limited  power  of  emit- 
ting light,  possessed  by  certain  bodies  which 
have  previously  acquired  potential  energy  by 
exposure  to  light  or  radiant  energy. 

The  term  luminescence  was  proposed  by  E. 
Wiedemann  to  cover  the  case  of  the  rmitrioa  of 


light  under  ctrcumstances  difaiag  from  the  emis- 
sion or  radiation  of  light  by  incandescence.  Lu- 
minescence applies  to  the  case  of  a  radiation. 
generally  selective  in  character,  that  is  apparcntif 
due  to  effects  allied  to,  or  the  same  as,  those  ol 
fluorescence  and  phosphorescence.  For  cxautple» 
magnesium  oxide  or  unc  oxide,  when  heated 
above  a  certain  critical  temperatnre,  ndiitBi  £ir 
more  light  than  equally  hot  carbon. 

The  spectrum  of  such  luminescent  light  is  espe- 
cially rich  in  certain  wave  lengths.  The  abilttf 
of  the  substance  to  continue  to  furnish  this  extn 
light  is,  however,  limited.  After  a  comparatnrelf 
short  time,  the  additional  light,  or  selective  radia- 
tion, disappears.  The  luminescent  light  is  appi- 
lently  due  to  molecular  potential  energy  stored  in 
the  substance  during  its  exposure  to  light.  Lumi 
nescence  may  be  developed  in  bodies  in  the  fol- 
lowmg  manner,  viz. : 

(t.)  By  heat, 

(2.)  By  chemical  acdon. 

(3.)  By  friction. 

(4. )  By  exposure  to  the  sun,  or  by  actual  \xd\ 
of  light  waves. 

(5-1  By  electricity. 

(6.)  By  vital  forces,  as  in  tbe  fire  fly,  or  th« 
glow  worm. 

Lumineseenee^  ReJoTenaflon  of 

Reimparting  by  exposure  to  light,  or  any  other 
suitable  means,  the  power  of  luminescence  to 
a  substance  after  it  has  lost  this  power 

I/uminons  Absorption.- (See  Absorption, 

Lismifious) 

Lunnr  Inequality  of  Eartli1»  Magnetic 
Variation  or  Inclination,— (See /ff^yi/^i///)'. 

Lunar,  of  Earth* s  .\fagnetic  Variation  or 
Inclination) 

Lunar  luequality  of  Earth*!*  Hi&^nptiHUL 

— (See  Iftequaiii\\  Lunar,  of  Earth* s  Afaj* 
net  ism) 

Lit  St.— A  name  proposed  by  Pneece  for  ibc 
unit  of  intensity  of  illumination* 

The  illumination  given  by  a  st&fldaid 
candle  at  the  distance  of  127  inches. 

The  illumination  given  by  1  cared  at  tht 
distance  of  i  metre. 

The  illumination  given  by  a  lamp  of  tojooc 
candles  at  105.8  feet.  (See  I/iMminatiat 
Unit  of) 
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3f- — A  contraction  sometimes  used  to  ex- 
press a  gaseous  pressure  of  the  ,000001  of 
an  atmosphere » 

t, 000,000  M.  cqtials  760  mm«  of  mercury  or  I 

itmosphcre  of  pressure; 

A  vessel  contain mg  air,  which  has  been  ex- 

to  the  .000001   of  Its  pressure  at  760 

^  IBJU.,^  or  one  atmosphere,  has  a  pressure  or  ten- 

siooof  ill, 

This  contnctioQ  Is  used  by  Crookes  in  hU  re- 
5e&rches  on  the  properties  of  radiant  matter.  (See 
|/j//rr,  J^adinnt^ar  Clfra  Gasfaus.) 

u, — A  contraction   used  in   mathcmaticat 

filings  for  magnetic  permeability,  or  the 
cific  conductibility  of  any  substance  for 
nes  of  magnetic  force, 

mm. — ^A  contraction  for  millimetre.  (See 
WfigAiSt  French  System  0/,) 

H.  F.  H. — A  contraction  sometimes  used  in 
railroad  work  to  indicate  miles  i^er  hour. 

■Acliliie,    Arni«tro!i!?'9    Hydro-Electric 

A  machine  for  the  development  of 

electricity  by  the  friction  of  a  jei  of  steam 
passing  over  a  water  surface. 

Steam  generated  in  a  suitably  insulated  boiler, 


Fig.  348^  fa  iHowed  to  escape  through  a  tortuous 
nocde,  from  a  series  of  apertures  opposite  a 
L  comK  attached  to  an  insulated  conductor. 


The  cooling  of  the  steun  duHng  its  pftssagQ 
ilirough  a  flat  bojc,  termed  the  nwlinf  6&jr^  con- 
nected with  the  nowles,  cau<cs  %  pardal  condema* 
tioo,  so  that  the  box  always  contains  a  small 
quantity  of  water. 

The  friction  of  the  drops  of  water  against  the 
orifice,  and,  possibly,  their  friction  against  the 
water  surface  itself,  are  the  cause  of  the  electricity 
produced. 

A  conductor  connected  with  the  pointed  comb 
furnishes  positive  electricity.  The  boiler  fur» 
nishes  negative  electricity.  The  hydro-electric 
machine  is  not  a  very  economical  source  of  dec* 
iricity,  and  is  only  employed  for  experimental 
purposes.  1 1  was  discovered  accidentally  th  rough 
a  shock  given  to  an  engint-cr,  who  placed  his 
hand  in  a  jet  of  steam  escajiing  irova,  a  leaking 
boiler  he  was  endeavoring  to  mend.  The  causes 
were  first  studied  by  Sir  Wm,  Armstrong,  who* 
in  1S40,  devised  the  apparatus  just  described. 

Maclilne,  Djnamo-Electrfc  ^-^  — A 
machine  for  the  conversion  of  mechanical 
energy  into  electrical  energy,  by  means  of 
magneto-electric  induction. 

The  term  is  also  applied  to  a  machine  by 
means  of  which  electrical  energy  is  converted 
into  mcchanica.1  energy  by  means  of  magneto- 
electric  induction*  Machines  of  the  latter  class  are 
generally  called    mu^tors^   those  of  the   former. 

Prof.  S.  P,  Thompson  defines  a  dynamo-elec- 
trie  machine  as  follows,  vii. :  **  A  machine  for 
converting  energy  in  the  form  of  mechanical 
power  into  energy  in  the  form  of  dectric  currents, 
or  vice  versa^  by  the  operation  of  setting  con- 
ductors (usually  in  ihe  form  of  coils  of  copper 
wire)  to  rotate  in  a  magnetic  field,  or  by  vary- 
ing a  magnetic  field  in  the  presence  of  conduc- 
tors.'* 

The  term  dynamo  was  first  applied  to  such 
machines,  because  in  the  form  in  which  this 
machine  first  appeared,  viz.:  the  series- wound 
machine,  it  was  selfexdttng,  or  required  no  ex- 
citement other  than  what  it  received  by  the  rota- 
tion of  its  armature  in  tHe  field  of  its  magnets, 
or,  indeed,  in  the  field  of  the  earth.  {^>eK  Mathifu^ 
Dynamo- Electric^  Reacti&n  PrinHple  0/,) 

A  {fynamif*ciHhic gentrat&r^  or  a  dynam^-fU^ 
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'nV  Machine  proper,  conskts  of  the  following 
parts,  viz.: 

(I,)  The  revolving  portion,  usually  the  arma- 
iuTf^  in  which  the  electromotive  force  U  developed, 
which  produces  the  currents 

It  must  be  borne  in  mmd  that  it  is  not  current, 
but  differ et%ce  of  tUctric  poUniial^  or  ckctromotive 
force ^  that  is  developed  by  any  electric  source 
from  which  a  current  is  obtained.  For  case  of 
reference,  however^  wc  will  speak  of  an  electric 
ctirrcnt  as  being  generated  by  the  armature,  or  by 
the  source*  No  ambiguity  will  be  introduced  if 
the  student  bears  the  above  tn  mind. 

(2.)  Th^fieiti  magn^is,  which  produce  the  field 
in  which  the  armature  revolves* 

(3)  ^  '  pole  pieces^  or  free  lerminals  of  the  field 
magnets* 

(4»)  ThcccmmHfafor,  by  wliich  the  currents  de- 
veloped in  the  armature  are  caused  to  flow  in 
one  and  the  same  direction*  In  alternating 
machines,  and  in  somccontinuous  current  dynamos 
ibis  part  is  called  the  collector^  and  does  not  rec- 
tify the  currents. 

(5,)  The  collecting  brushes^  that  rest  on  the 
comtnutator  cylinder  and  take  off  the  current 
generated  in  the  armature. 

Machine,  Dynam<^Electrie,  Alt'ernatlri£r< 

Carreni^ -—A  dynamo-electric  machine 

in  which  alternating  currents  are  produced. 

The  field  magnets  may  be  cither  permanent 
juagnets  or  electro- mag  nets.  When  electro-raag- 
acts  are  used,  their  coils  may  be  separately  ex- 
cited by  another  machine  whose  current  is  con- 
tinuous; or,  they  may  be  excited  by  Ihe  com  muted 
::irrent  of  a  separate  coil  on  the  armature;  or,  they 
may  be  partly  excited  by  commuted  currents  and 
partly  by  commuted  currents  from  a  transfonnier, 
placed  iin  the  main  circuit  of  the  dynamo. 

Maclitne,  Byuamo^Electric,  Armature  of 
(Sec    Armature t    Dynamo^ EUctric 

Machine^} 

Mac  111  ue,  Dynamo-Electric,  Bod*Piet'e  of 

—The  frame  or  base  on  which  a  dynamo 

is  supported. 

The  bed-piece  S&  sometimes  called  the  dynamo 
trame  or  base* 

Machine*  Dynamo-Electric,  Bi>Folar 

— A  dynamo-electric  machine,  the  armature 
of  which  rotates  in  a  field  formed  by  two 
magnet  poles,  as  distinguished  from  a  nia- 


chme  the  armature  of  which  rotates  in  a  field 
formed  by  more  than  two  magnet  poles, 

A  dynamo -electric  machine  whos<  armature 
rotates  in  the  field  formed  hy  more  than  two 
poles  is  called  a  multi-polar  machine.  (See  J/d- 
chine ^  Dynatna^ Electric^  Afuld- Polar,) 

Machine,    Dynamo-Electric,  Carcaw  of 

■ — — —A  term  sometimes  used  in  place  of 
the  field  magnet  frame  of  a  d>^amo-eleciric 
machine.  (See  Mackintt  Dynamo^Eieclric, 
Frame  ofl) 

The  term,  tield  magnet  frame,  would  appear 
to  be  the  preferable  term.  The  term,  howcrcr, 
is  used  in  France,  and  is  derived  firom  the 
French  word  for  skeleton. 

Machine,  Dynamo^-Eleetric,    Closed-Coti 

A     dynamo-electric     machiQe»     the 


armature  coils  of  which  are  grouped  in  sec- 
tions, communicating  with  successive  bars  0/ 
a  collector,  so  as  to  be  connected  condnu* 
ously  together  in  a  closed  circuit. 

The  Gramme  dynamo   and  most  continuous- 
current  dynamos  arc  closed -coil  dynamos. 

Machine,   Djnaiiio*Eiectric,  C1os€44)on 

Disc A  closed-coil  d)Tiamo-clectric 

machine,  .he  armature  core  of  which  is  disc- 
shaped* ■ 

Machine,   Dynamo-Electric,  Closed-C^il 

Drum A  closed-coil  d)Tiamo-electric 

machine,  the  armature  core  of  which  is 
drum-shaped. 

Macltlii^,   DyiiainoElectdc,   Claf^d^Cotl 

Ring'  '  — A  closed-cod  dynamo-electric 

machine,  the  armature  core  of  which  is  ring- 

Machine,    llynanio-Electric^     Cotlectoni 

(See  Collectors  of  Dyftamo^Elcitric 

Machine,    Dj nam ck Electric^   Compomid 
Winding  of (See     Winding.    Cm- 

pound,  of  Dynamo-Electric  Machim^ 

Machine,  Dynami^Electrlc.  Compouiid- 
Wonnd — Machines  whose  field  mag- 
nets are  excited  by  more  than  one  circuit  of 
coils,  or  by  more  than  a  single  electric 
source. 
The  object  of  compound  winding  is  to  makr 
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tamo  self-regulating  undar  change  ^^  ^^^ 
g  loAid.  A  shunt-wound  dynamo  renders 
Briet  and  multiple  circnits  approximately 
It  as  regards  their  working.  Multiple  cir- 
fcowcvcr.  require  great  constancy  of  poten- 
d  for  this  purpose  the  compounding  of  the 
OS  is  necessary. 

le  compound  dynamo,  the  shunt  coOs  are 
3sed  on  the  scries  coils,  or  are  used  in  con- 
I  with  them.  The  shunt  coils  consist  of  a 
prcater  number  of  convolutions  of  fine  wire 
le  series  coils,  which  are  of  coarse  wire, 
rate  exdtation  is  sometimes  compounded 
with  series  or  with   shunt  fieJd   magnet 

pound  dynamos  are  of  two  classes,  viz. : 
Those    designed    to  produce  a  constant 
lalt  and 
Those  designed  to  produce  a  constant  cur. 

Constant  Potential  : 

ic  long^shunt  compound -wound  dynamo, 
minals  of  the  shunt  coil  are  connected  with 
kding  posts  of  the  machme.  As  the  cur- 
ives  the  armature  it  has  two  paths  to  take  : 
le  thick  scries  coils,  to  the  external  circuU, 
c  other  the  finer  and  longer  shunt  coik, 
sistance  of  the  shunt  coils  is  greater  than 
the  armature.  Current  variations  in  the 
re  will-»  therefore,  produce  no  appreciable 
m  the  magnetizing  power  of  the  shunt, 
lets  as  a  nearly  uniform  exciter  of  the  field, 
I  shunt-wound  dynamo  connected  to  a 
e  drcm%  the  introduction  uf  an  additional 
f  of  receptive  devices  into  the  circuit  re- 
more  c\irrent,  and  this  would  tend  to  cause 
[  drop  in  the  potential.  The  object  of  the 
soils  is  to  prevent  this  drop*  The  series 
Ihcrefore,  act  as  compensators.  If  the 
ire  too  powerful  the  compensation  will 
le  cflfect  of  increasing  the  potential, 
combination  of  a  scries  and  separately  cx- 
kachliie  is  shown  tn  Fig.  35  r  The  field  is 
•  with  the  armature,  but  has  also  an  ad- 
I  and  separate  excitation. 
combination  of  a  series  and  shunt  machmc 
the  excitation  of  the  field  both  by  the 
nd  by  the  shunted  current.  Such  a  com- 
Q  is  shown  in  Fig.  353. 
Constant  Current  : 

eombinatioa  of  shunt  and  separately  ex- 
tftChines  is  shown  m  Fig.  356.  In  thii 
pilic  fidd  is  excited  by  means  of  a  shunt 


to  the  external  circuit,  and  by  acoirent  produced 
by  a  separate  source. 

The  combination  of  a  series  and  magneto  ma- 
chine  is  shown  in  Fig.  352.  This,  also,  is 
designed  to  give  a  constant  current. 

Maehiiie,  D  jnaiiio- Elect  rjc,  Com  pound' 
Wound,  IjO  11^- Shunt — A  compound- 
wound  dynamo- electric  eiachine,  in  which 
the  shunt-field  magnet  coils  form  a  shunt  to 
the  binding  posts  of  the  machine. 

In  the  short- shunt  compound-wound  dynamo* 
electric  machine,  the  ends  of  the  shunt  coil  am 
connected  to  the  brushes  of  the  machine* 

Machine^  l>ynaiiii>-Eketric,  Componnd^ 
Wound,  Short-Shtiut —A  compound- 
wound  dynamo^electiic  machine  in  which  the 
shunt-iield  magnet  coils  form  a  shunt  to  the 
armature  only,  as  distinguished  from  the 
armature  and  series  coils  combined. 

In  the  short^shunt  dynamo-electnc  machine, 
the  ends  of  the  shunt  coil  are  connected  f)  the 
brushes  of  the  machine,  and  not  to  the  binding 
posts  of  the  machine;  or  to  the  external  circuity  as 
in  the  long-shunt  machinet 

Machine,  Dynnrao- Electric,  Contlniiona- 

Cnrrent A  djnamo-eiectric  machine, 

the  current  of  which  is  commuted  so  as  to 
flow  in  one  and  the  same  direction,  as  dis- 
tinguished from  an  alle mating  dynamo. 

Ma^liinc,  Bynamo-Elettrlc,  Bonble-Mag- 

net A  term  sometimes  applied  to  a 

dynamo-electric  machine,  the  field  magnets 
of  which  have  two  consequent  poles. 

Moclifue,  Bynanio*Electr[c,  Economic 
€o-efBricnt  of A  name  formerly  ap- 
plied to  the  efficiency  of  a  dynamo-electric 
machine.  (See  Machine^  Dynamo-Elect rtc^ 
Efficiency  of,) 

Machine,     I>ynamo-Electric,    Efficiency 

of The    ratio     between    the   electric 

energy  or  the  electrical  horse-power  produced 
by  a  d>mamo,  and  the  mechanical  energy  or 
horse-power  expended  in  driving  the  dynamo. 

The  EffidetKy  may  be  the  Comfmrctal  Effi- 
d€ncy\  which  is  the  useful  or  available  energy  in 
the  external  circuit  divided  by  the  total  mechan- 
ical energy  ;  or  it  may  be  the  Ekctrital  Efficiency^ 
which  is  the  available  electric  energy  divided  l>y 
the  total  electric  energy. 


Hac] 

The  EgUimey  ef  Cmvfrsi^m  Is  Uic  totfti  dec- 
trical  energy  developed,  divided  bjr  the  total 
mechanical  energy  applied. 

If  M,  eqaals  the  mechanical  energy, 
W,  the  useful  or  available  electrical  encr^, 

and 
Wt  the  electrical  energy  absorbed  by  the  ma- 
chine, and 
m,   the  Stray  Pmvtr^  or  the  power  lost  in 
friction,  eddy  currcntSi  air  friction,  etc* 
Then^  since 
M  =  W  +  w  +  m, 
Comrocrdal  EfSdency . 

Electrical  Efficiency... 


W 


W 


M 


W  + w-^m 


W 


W-h  w 


Efficiency  o£  Convtrfion  ^^^V^— --,^"*"^     , 

M        \V-f  w  -f-m 

Kachiue,  Dyuaitio-Electric.  Fla>«hJtigr  of 

A  nanie  given  lo  \m\f  flashing  sparks 

at  Uie  coos  mutator,  due  to  the  short  cir- 
cuiting of  the  external  circuit  at  the  com* 
mutator,  by  arcing  tiver  the  successive  com- 
muUtur  insulatiQg  strips. 

Machiue,    Dyuamo- Electric,    Pram^    of 

-The  bed-pkoe  thai  supports  a  dyna- 

mo-dectric  machine. 

The  6mme  is  unnetiiiics  called  the  dynamo  bed- 
pieoe. 

The  ward  frame  is  aoinctimes  applied  to  the 
field  magnet  cores  and  yokes. 

Macliine,  Dyniinio-Elovtric,  L(K*al  Actfon 

of — (Sec  Action,  Locals  of  Dynamo- 
Electric  Machine.) 

Machine,  BynaBio-Eleetrie,   xHouse-Mlll, 

Sir     Will.    Thom.Hon'M —A    dynamo- 

clcctric  machine  designed  by  Sir  Wm. 
Thomson,  named  from  the  resemblance  of 
its  armature  to  a  mouse  mill. 

The  annattire  conductor  of  this  dynamo  con* 
sists  of  parallel  bars  of  copper,  arranged  on  a 
hollow  cylinder,  like  the  bor^  on  a  mouse  mill. 

Maeldiie,  Dyaanio-Electrio,    MnlUtKilar 

— A     dynamo-electnc    machine^    the 

annaturc  of  which  revolves  in  a  field  formed 
by  more  than  a  smgle  pair  of  poles. 

This  form  is  usually  adopted  for  large  mactunes 
as  being  more  economical. 

Fig*  349  shows  a  moltipohir  dynamo  with  fbur 
pole». 


Hacbine,    Dynamo-Electric,    Op^^n-Coll 
A    dynamo-clcctxic     machine,     the 


armature  coils  of  which,  though  connected 


the  successive  bars  of  the  commutator,; 
connected  continuously  in  a  closed  circuit. 

The  Brush  and  the  Thomsoa-Uoiistoo  arc  dy 
namos  are  open-coil  machines* 

Hachiiie,    Dynamo-Electric,     Opeii<€#ll 

Disc An   open-coil    dynamo-clectrir 

machine,  the    armature   of    which   is  disc- 
shaped. 

Maekiiie,    Dyfta»#-£l6etriet    l>pcM?#n 

Drum  ■ — An  open-cotl  dynamo-electric 

machine,  the  armature  core  of  which  ts  dnim* 

shaped, 

MAchlne,    Dynamo- Electric,    Dpeu-OoU 

Hiiig' — An    oi)eu-coil   dynamo-etectrk 

machine,  the  armature  core  of  which  is  ring- 
shaped. 

Machine,    Dynamo*Electric,    Ontpnl    tf 

— The  electric  power  of  the  current  gen* 

crated  by  a  dynamo-electric  machine  ex- 
pressed in  volt-amperes^  watts  or  kilo-watts. 
S.  P.  Thompson  suggests  that  dynamO'clectric 
machines  be  rated  as  to  their  practicai  sale  ci« 
pacity  m  ttmts  of  output  of  i^oao  walts^  or  one 
kih-watt,  Accordmg  to  this,  an  S-unit  fnadmie 
tnight  giire,  say,  loo  amp6rcs  at  a  difiCTeaoe  of 
potenUal  of  $0  volts,  or  2»ooo  amperes  at  a  difler- 
cnce  of  potential  of  4  volts.  Such  a  imit  would  be 
far  more  expressive  than  the  usual  mediod  o4  cat* 
ing  a  machine  as  having  a  capacity  ixf  mck  atul 
such  a  number  of  lights. 

Machine,     DynamivElectrtc,    R«H^*tktr 
Principle  of The  mutual  interaction 


D  the  current  generated  in  the  armature 
I  a  dynamo-electric  machine  and  the 
'  the  machmc»  each  strengthening  the 
mill  the  fuU  working  current,  which 
ichine  is  capable  of  developing,  is 
rd. 

I  the  annat^ire  of  a  series  or  shunt  dynamo 
ices  to  rotate,  the  differences  of  potential 
sd  in  its  coils  are  very  small,  since  the 
the  magnet  is  weak,  being  merely  the 
magnetism*  The  current  so  produced 
armature,  circulating  through  the  field 
coils,  incrcaies  the  intensity  of  the  mag- 
Id  of  the  machine,  and  this,  reacting  on 
iCitrc;  faults  in  a  more  powerful  current 
it.  This  current  again  increases  the 
of  the  magnetic  field  of  the  machine, 
igain  reacts  to  increase  the  current 
in  the  armature  coils^  and  tbs  continues 
f  machine  is  producing  its  fuli  output, 
^amo-elcctric  machine  very  rapidly 
1^/*  or  reaches  its  maximum  current 
xting.  The  reaction  principle  was  dis- 
hy Soren  Hjorth,  of  Copenhagen  ♦ 

Ine,  Bxnamo-EIeetrlc,  Rf  versihllfty 

—  The  ability  of  a  dynamo  to  act  as 

aTna 


Bf- 
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^.  SS^*    Stpckrotdy  Excite  I?ytmma 

when  traversed  by  an  electric  cur- 
5ce  J^ift&r,  Eiectrk.) 

iae«     Bynamo-Electrie,     Separate 

■*  — A  dynamo-electric   machine   m 
%  field  magnets  are  excited  by  means 


of  coils  on  the  armattirep  separate  and  dis- 
tinct from  those  which  famish  current  to  the 
external  circuit. 

Machine,   Dy nam o-£lec trie;    Separately 

Excited A  dynamo-elcctric  machine 

in  which  the  field  magnet  coils  have  no  con- 
nection with  the  armature  coils,  but  receive 
their  current  from  a  separate  machine  or 
source. 

A  separately  cxcilcd  dynamo- electric  machine 
ii  !*hown  in  Fig.  35a 

Separate  excitation  for  constant  current  ma* 
chines  has  not  come  into  any  extended  use  in  the 
United  States. 

Maeliine,  l>yiiani«-Ele<rtrle»  Series  and 
Mng'iieto  — A  compound*wound  dy- 
namo-electric machine  in  which  the  arma- 
ture circuit  of  a  magneto-electric  machine  is 
connected  in  series  with  the  armature  and 
field  magnet  circuits  of  a  series  dynamo* 

The  circuit  connections  of  a  series  and  magneto 
dynamo  are  shown  in  Fig,  35  !• 


.^f^ 


1     N 


Fii  35 f*    SerUf  »md  Magneia  Dynamo. 

Machine,  Dynamo- Electrle»  Series  and 
Separately  Kxefied  —A  compound- 
wound  dyna mo-el ectnc  machine  in  which 
there  are  two  separate  circuits  on  the  field 
magnet  cores,  one  of  which  is  connected  in 
senes  with  the  field  magnets  and  the  exter- 
nal circuit,  and  the  other  with  some  source 
by  whjch  it  is  separately  excited. 
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A  series  smd  separately  excited  compound, 
wound   dynamo- electric    machine    is  shown   in 


'M 


R        R        R 

/j^.  J/'f  *    SerigM  and  Stp^raUty  Excittd  OymAmuK 
This  machine  is  employed  for   maintaining  a 

constant  potential  at  its  tcrroinals» 
Maclilno,  Bjnamo-EkctrJc,  Series   and 

Siiunt  Wound —A  compound-wound 


U^ 


^*  SJ3*    Serftr  and  SkmU*  Watrnd  Dymamui, 

dynamo-electric  machine  in  which  the  field 
magnets  are  wound  with  two  separate  coils, 
one  of  which  is  in  series  with  the  armature 
and  the  external  circuit,  and  the  other  in 
shunt  with  the  armature. 


This  is  usually  called  a  GORipoBlut^ipeiffld  nft 
chine.  (See  Mathine^  Dynamo  Ei^ctrit^  Com- 
pound -  IVouftd.) 

A  compound -wound  series  and  shunt  dynamo- 
electric  machine  is  shown  in  Fig.  353.  This  nu* 
chine  is  designed  to  maintam  constant  potentiil 
at  its  terminals. 

There  are  two  varieties  of  series  and  shunu 
wound  dynamos,  viz^i 

(i«)  Long-shunt  compound-wound  dynamo. 

[2.)  Short'shimt  compound -wound    dynamo. 

(See    Machine ^    Dynamo- EUctric^     Compound'. 
Wound ^  Long-Skuni,  Machine^  DyHam4>-El£ittic^[ 
Compound-  IVoand^  ShGrt^-Shuni, ) 

Miicliiiie,  Djimm(i-Electric,  Series  Won  it4l 

A  d>Tiamo-clectric  machine,  in  which! 

the  field  circuil  and  (he  external  circuit  arcj 


r^ 


At^ 


M   MAiNcmcurr 

D    D    D    D 
Fig,  354*    Striet  Dynamo, 

connected  in  series  with  the  armature  circuil 
so  that  the  entire  armature  current  must  pass 
through  the  field  coils. 

A  series  dynamo* electric  machine  %%  shown  iti 
^%'  3S4-  Here  the  armature  circuit,  the  ficW 
circuit  and  the  external  circuit  are  all  connected 
in  series. 

Since  in  a  series-wound  dynamo  the  armature 
coils,  the  field  and  the  external  series  circuit  are  in 
series,  any  increase  in  the  resistance  of  the  external  * 
circuit  will  decrease  the  dcctromotive  force  from 
the  decrease  in  the  magnetizing  currents,  A  de* 
crease  in  the  resistance  of  the  external  circuit  wil!,  ' 
in  a  like  manner,  increase  the  electromotive  force 
from  the  increase  in  the  magnetizing  current 
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r^e^ylator  avoidi  these  changes  ia 
iroiDOtive  force. 


.1^ 


woufid  dynamo-electric  machine  is  shown  in  Fig, 
556.  This  machine  main  tains  a  constant  current 
in  its  circuit,  notwithstanding  changes  in  its  ex- 
ternal circuit. 

Machine,  B jn am o- Electric^  SliQ at- Wound 

-A  dynamo-electric  machine  in  which 

the  field  magnet  coils  are  placed  in  a  shunt 
to  the  armature  circuit,  so  that  only  a 
portion  of  the  current  generated  passes 
through  the  field  magnet  coils,  but  all  the 
difference  of  potential  of  the  armature  acts 
at  the  terminals  of  the  field  circuit. 

A  shont  dynamo-electric  machine  is  shown  in 
Fig*  357. 


Fig^    ijlf-     Serif s  I>ynafno^ 

ynamo  shown  in  Fig.  355  is  series  con- 
Thc  armature  is  ring  shaped.  The 
B  core  consists  of  a  ring  made  of  soft  iron 
rhc  field  is  hi. polar,  and  is  obtained  by 
9f  four  magnet  coils  and  two  consequent 

lite,    Dynaino-Eleeiric*  Shant   and 

lely     £seited —A     compound- 

dynamo-electnc  machine*  in  which 


^^^  R     R    R     R 

lib    SkmU  amd  St^raUiy  ExciUd  Dynamo, 

jd  is  excited  both  by  means  of  a 
)o  the  annature  circuit,  and  by  a 
\  produced  by  a  separate  source. 
imt  sod    separately  excited    compound* 


0      b     D    iD 
Flig.  SS7'    Sknni  I>ynamo. 

In  a  shunt  dynamo-electric  machine,  an  in- 
crease in  the  resistance  of  the  external  circuit  in- 
creases the  electromotiTC  force,  and  a  decrease  in 
the  resistance  of  the  external  circuit  decreases  the 
electromotive  force.  This  is  juit  the  reverse  of 
the  scries  wound  dynamo. 

In  a  shunt-wound  dynamo  a  continuous  balanc* 
ing  of  the  current  occurs.  The  current  (dividing 
at  the  brushes  between  the  6cld  and  the  external 
circuit  in  the  inverse  proportion  to  the  resistance 
of  these  circuits,  if  the  resistance  of  the  external 
circuit  becomes  greater »  a  proportionately  greater 
current  passes  through  the  field  magnets,  and  so 
causes  the  electromotive  force  to  become  greater. 

If,  on  the  contrary^he  resistance  of  the  external 
circuit  decreases,  lets  current  passes  through  the 
Geld,  and  the  etectromotive  torce  is  proportion- 
ately decreased. 


Miii%t 


332 


(sue* 


In  a  shimt-woimd  dytiAmo  the  resistance  of  the 
Bhimt  should  be  at  least  four  hundred  times  that 
of  the  ,\rmatiirc»  It  is  sometimes  as  much  as  one 
thousand  times  as  great. — (Un/ukari.) 

To  obtain  complete  regulation  of  the  machine 
some  form  of  compounding  is  necessary.  fSee 
Machine,  Dynamo- E!e€tri£^  Compound' Wound, '\ 

Maeiilne«   l>jtittino- Elect  He,   Sfng'te  Mag^ 

net A  dyn  a  mo -electric  machine,  in 

which  the  field  magnet  poles  are  obtained 
hy  means  of  a  single  coil  of  insulated  wire, 
instead  of  by  more  than  a  single  coil. 

Machine,  Djnamo* Electric,  Sparking  of 
An  irregular  and  injurious  oper- 
ation of  a  dynamo-electric  machine,  at- 
tended with  sparks  at  the  collecting 
brushes. 

Sparking  consists  in  the  formation  of  small 
arcs  under  the  collecting  brushes.  One  cause  of 
sparking  is  to  be  Connd  in  the  brushes  leaving 
one  commutmlor  strip  before  making  connection 
wilh  the  next  strip. 

Sparking  froia  this  cause  majf  be  avoided  by  so 
placing  the  brushes  as  to  cause  them  to  bridge 
over  the  space  between  two  consecutive  bars» 
thus  penDitting  them  to  touch  one  bar  before 
lea vi  n  g  Ih  e  other.  Two  brushes,  elec  tricall  y  con  - 
nected,  are  sometimts  employed  for  this  purpose, 
or  the  slots  between  contiguous  bars  are  slightly 
inclined  to  the  axis  of  rotation. 

Sparking  causes  a  burning  of  the  commutator 
strips,  and  an  irregular  consumption  of  the 
brushes,  both  of  which  produce  further  irrcgu. 
larilies  by  the  wear  of  the  brushes  against  the 
oaramutator  bars. 

At  the  moment  the  brush  touches  two  con  tig  u- 
o«B  commutator  bars,  it  short  circuits  the  coil 
terminating  at  those  bars.  On  the  breaking  of 
this  closed  circuit,  a  spark  appears  under  the 
brushes.  Thia  spark  is  often  considerable,  since 
tem  the  comparatively  small  resistance  of  the 
coil,  it  is  apt,  when  short -circuited,  to  produce  a 
heavy  current  if  not  exactly  at  the  neutral  point. 

Another  cause  of  sparking  is  to  be  found  in  the 
seU4nductioa  of  the  armature  cods.  The  extra 
cuzicBt  on  breakiDf  forms  an  injurious  spark 
under  the  brushes.  This  spark  may  be  con sid- 
cnliSc,  since  the  current  produced  in  the  coil  on 
mDmentarily  short  circuiting  it  by  the  brushes 
smultaneously  touching  the  adjoining  commu- 
tator  currents  may  be  large. 

Sparking  occurs  when  the  brushes  are  iiot_»et 


close  to  the  neutral  line.  Since  the  prineipil: 
cause  for  the  change  in  the  lead  of  the  brushes  if 
the  magnetising  effect  of  the  armature  coils,  it  ii 
preferable  to  make  the  number  of  windings 
these  as  few  as  possible,  and  to  obtain  C^  nece^ 
sary  diflereocea  of  potential  by  locreuiDg  the 
speed  of  rotation  and  the  strength  of  Che  maf  < 
netic  field  of  the  marbinr-  Short  annalm  coils 
also  lessen  the  sparkiog  due  to  se^^inihatfitm. 

Sparking  at  the  bnishe*  is  also  f««*y*J  %f  the 
jumping  of  improperly  s>mi|MMtjpd  or  csMliBCted 
brushes. 

When  the  brusbei  are  not  set  cloae  fto  Che  neu 
tral  point,  iong  Ji^uAiitg  sporks  are  apt  to  oocut. 

A  lack  of  symmetry  of  winding  of  the  anu 
ture  coils  will  necessarily  be  attended  by  injurious 
Bashing,  from  the  impossibility  of  properly  ad* 
justing  the  brushes. 

Machine,  Dynamo- Electric,  SyBckronli 

Inf Adjusting  the    phases   of   two 

alternating  currenc  dynamos  so  as  to  per- 
mit their  being  coQplcd  or  joined  ia  par- 
allel. 

Machlnet  DynanKHEleetrk,  to  Sb^rl  Ch*- 
cult  a — -  —To  put  a  dynamo-electnc  m% 
chine  on  a  circuit  of  comparatively  small 
electric  resistance. 

Mflcliliiet  DyniuiichElaelric,  Unit  mf 

put  of — A  unit  for  the  electric  po 

furnished  by  the  current  of  a  dynamo- 
electric  machine. 

A  unit  of  output  equal  to  i,oc»0  watts 
or  I  kilowatt 

A  machine  furnishing  a  current  oTioo  amp^t^ 
at  a  difference  of  potential  of  So  volts,  woui«l 
have  an  output  of  S,ooo  watts,  and  wowW. 
therefore,  be  rated  as  an  8 -unit  machine. 

Mftciilne,   Eleclrle,   Rubber  ^ -A 

cushion  of  leather  covered  witli  an  electnc 
amalgam,  and  employed  to  produce  etec* 
trictty  by  its  fnction  against  the  plate  or 
cylinder  of  a  frictional  electric  rcachine. 
(See  Machine^  Frictional  Ehctric, ) 

Machine,  ElectriMitatlc  Induction  of 

A  machine  in  which  a  small  initial  charge 
produces  a  greatly  increased  charge  by  its 
inductive  action  on  a  rapidly  rotated  dtsc 
of  glass  or  other  dielectric. 

An  excellent  type  and  example  of  nidi  a  w^ 
chine  is  found  in  the  HoTtz  machine,  i 
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^ng  parts,  aj  stuvwQ  in  Fig.  358, 

.ry  glass   plate   A,    fixed   at  ils 

led  support^ 

bie  pUte  B,  capable  of  rapid   roU^ 

J2ontal  axis,  bj  a  driving  pulley. 


\  of  varnished  paper  f,  V,  placed 
I  of  the  fixed  plate  at  holes  or 
^  cut  in  the  plate.  The  armatures 
be  side  of  the  fixed  plate  away  from 
te,  or  00  the  back  of  the  plate,  so  that 
tfotatlon,  moves  towards  tongues  of 
(10  the  middle  of  the  mr mature, 
Ktibs placed  in  front  of  the  movable 
he  armatures,  and  connected  with 
in,  n,  ooe  of  which  is  movable 
|Mn  the  other  by  means  of  a  suitably 
llating  handle  connected  with  it. 
tial  charge  is  given  to  one  of  the 
ilding  a  plate  of  electrified  vuK 
,  and  rotating  the  machine  while 
r  iff  contact »  As  soon  as  the  ma- 
I  the  balls  ^re^aduaJfy  separated^ 
r  sparks  will  pa&s  between  them 
ate  is  rotated. 

\  are  separated  too  far  the  sparks 
The   trails   must  then  be  again 
;ontact  and  gradually  separated  as 

iwchlnecanbe  regarded  a^  a  re- 
%orus   provided   with   means  for 

irging  and  recharging  the  upper 

(See  EUdrophorus .) 

the  machine  is  well  described  by 

\  in  his  *  ^Elementary   Lessons  on 

fagnetism,  "  as  follows; 

lall  -H  charge  to  be  imparted  at 

ight  armature  V ;  this  charge  acts 


inductively  across  the  di^»  upon  the  metallic 
comb,  repels  electricity  through  it,  and  leaves  the 
points  negatively  electrified.  They  dischaiige 
negatively  electrified  air  apon  the  front  surface  of 
the  movable  disc ;  the  repelled  charge  passes 
through  the  brass  rods  and  balls,  and  13  dis- 
charged through  the  left  comb  upon  the  front  jide 
of  the  movable  disc.  Here  it  acts  inductively 
upon  the  paper  arm  a  tare,  causing  that  part  of  it 
which  is  opposite  itself  to  be  negatively  charged 
and  repel liog  a  +  charge  into  its  farth^t  part, 
vis.,  into  the  tongue,  which  being  bluntly  pointed, 
slowly  discharges  a  ^  charge  upon  the  back  of  the 
movable  disc.  If  now  the  disc  be  turned  round, 
thb  +  charge  00  the  back  comes  over  from  the 
leit  to  the  right  side,  in  the  direction  indicated  by 
the  arrow,  and^  when  it  gets  opposite  the  comb, 
incrcaseii  the  inductive  effect  of  the  already  exist- 
ing -{-  tharge  on  the  armature,  and  therefore 
repels  more  electricity  through  the  brass  rods  and 
knob  into  the  lett  comb.  Meantime  the  —  charge, 
which  we  saw  had  been  induced  in  the  lett  arma- 
ture, has  in  turn  acted  on  the  left  comb,  causing 
a  -\.  charge  to  be  discharged  by  the  points  upon 
the  front  of  the  disc;  and  drawing  electricity 
through  the  brass  rods  and  knobs,  has  made  the 
right  comb  still  more  highly  — ,  increasing  the 
discharge  of  — ly  electrified  air  upon  the  front 
oi  the  disc,  ncutraliiing  the  ^  charge  which  is  be- 
ing conveyed  over  from  the  left.  These  actions  re- 
sult in  causing  the  top  half  of  the  moving  disc  to 
be  — ly  electrified.  The  charges  on  the  front 
serve,  as  they  are  carried  round,  to  neutraliae  the 
electricities  let  off  by  the  points  of  the  combs, 
while  the  charges  on  the  back,  induced  respect- 
ively in  the  neighborhood  of  each  ot  the  arma- 
turea,  serve,  when  the  rotation  of  the  disc  con- 
veys them  round,  to  increase  the  inductive  influ- 
ence of  the  charge  on  the  other  armature." 

The  student  will  be  aided  in  following  Prot 
Thompson's  explanation  by  the  diagrammatic 
sketch,  shown  in  Fig.  359.  Here  the  rotating  pla(e 
is  shown  for  convenience  in  the  form  of  a  cylinder. 
The  armatures  are  shown  on  the  back  of  the  plate 
at  f  and  f,  opposite  the  bra»  collecting  combs  P' 
and  F,  with  their  discharging  rods  and  balls  a,  a. 

The  effect  o(  the  positive  charge  given  to  the 
right  hand  armature  f%  directly  through  the 
comb  P\  rods  a,  a,  comb  P,  to  left  band  arma- 
ture f,  is  readily  seen*  The  rotation  of  the  plate 
being  in  the  direction  of  the  curved  arrows,  the 
charging  of  the  front  of  the  plate  by  convection 
streams  from  the  combs,  and  the  back  of  the  plate 
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from  the  points  of  the  paper  armatures,  as  well  as 
the  character  of  the  charge,  will  be  understood. 
There  thus  results,  as  is  shown,  a  positive  charge 
on  txjth  the  front  and  back  of  the  upper  half  of 
+ 


V-\ 


/Xr.  J«>.  PfaU  ofHotti  Mackimt. 
the  rotating  plate,  and  a  negative  charge  on  troth 
sides  of  its  lowev  half*  A  reversal  of  polarity  of 
the  plate  occurs  at  the  line  P  a  a  P'.  Sometimes 
the  reversal  does  not  occur, and  the  machine  either 
loses  its  charge  entirely,  or  in  part.  A  conductor 
S  S,  furnished  with  points,  is  sometimes  provided 
to  lessen  the  chances  of  lack  of  reversaU 

Machinej  Faradic^^^ A  machine    for 

prodycing  faradic  currents. 

There  are  two  varieties  of  taj^dic  machines, 
viz.  s  magnet o-faradic  apparatus  and  simple  in« 
(Suction  apparatus* 

Machine^    Frietton&l     Electric A 

machine  for  the  developtnent  of  electricity 
by  friction. 

A  Actional  electric  machine  consists  of  a  plate 
or  cylinder  of  glass  A,  Fig.  360,  capable  of  rota- 
tion on  a  horizontal  axis. 

A  rubber  formed  of  a  chamois  skin,  covered 
with  an  amalgam  of  tin  and  mercury,  is 
placed  at  B,     By  the  rotation  of  the  plate  the 


/Vjf ,  j6a.  F^icttomai  EUciric  Mackimt, 
rubber  becomes  negatively  and  the  glass  posi* 
tively  excited.  An  insulated  conductor  D,  called 
the/n>i^  Of  p^sitivi  ianductory  provided  with  a 
comb  of  points,  becomes  positively  chu^cd  by  in- 
duction.     The  machine  wiU  develop   electricity 


l>est  if  a  conductor  attached  to  the  rubber  is  con- 
nected with  the  ground t  as  by  a  chain.  I 

lUclifiiet  Holti — ^A  particular  form  ■ 

of  electrostatic  indtiction  machine,     (Sec 
Machine^  Electrostatic  Induction, ) 

Machine  t  Inftaence An    electrical 

machine    depending    for    its   action   on 
electrostatic  induction. 

The  Wimshuf  st  and  Hottz  machines  are  in  flu-  I 
ence  machines.  (See  Machine^  Electrostatic  1%-  fl 
duction.  Machine^  IVims hurst  Electrical .  Ma^  ■ 
chin^,  MqUz,) 

Machine,  Infltiencei  Wlmsbursl'ii   Alter- 

tiating —An   electrostatic    induction 

machine  by  tneans  of  which  a  series  of 
rapidly  alternating  charges  are  produced. 

Although  such  a  machine  furnishes  a  torrent  of 
sparks  between  its  terminals,  yet  it  is  unable  to 
furnish  a  permanent  charge  to  a  Ley  den  jif 
or  condenser,  since  its 
oscillatory  discbarges, 
continually  undo  at  any  / 
small  interval  of  time  A 
what  was  done  at  the 
preceding  interval,  and 
thus  leave  the  jar  un 
charged. 

Machloe,    Magneto 

Blasting    -A 

magneio-e  1  e  c  t  r  i  c 
machine  employed 
for  generating  the 
current  used  in  elec- 
tric blasting. 

Machine  •  MagDCtii-Eleetrtr 


^. 


Fig  301.    Ma£mH0-£i»nic 
Maektms 


—A  mi- 
chine  in  which  there  are  no  field  magnet 
coils,  the  magnetic  field  of  the  machine 
being  due  to  the  action  *jf  permaoeat 
steel  magnets. 

A  dynamo  in  which  currents  are  produced  by 
the  motion  ofarmature  coils  past  po-manrnt  mag- 
neU,     (Sec  Mathitu,  Dynamo  EUctru.  \ 

A  magneto- electric  machiae  is  shown  in  T\%*  I 

361. 

Another  form  of  magneio-electHc  mat 
shown  in  Fig.  362. 

This  latter  form  of  machine  is  known  as  a  hax}^^ 
generator,  in  contradistinction  to  one  drives  l^ 
jjower  and  called  a  power  generator. 
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btalned  bj  meaoft  of  a  number  of 
Ic  permanent  magnets  so  combined  as  to 


OiQ 


hoih  AS  inducfarr  and   (orritrs ;  the  carriers  of 
one  plate  acting  as  inductors  to  the  other  plate. 

Two  curved  brass  rods,  terminating  in  fine  wire 
brushes  that  touch  theplates^  are  placed  as  shown, 
one  at  the  front  of  the  plate,  and  one  at  the  back, 
il  right  angles  to  each  other.     Fairs  of  conduct- 


Fig.  ^ti.    Mogntto  -  Ehctric  Machimt . 

R  nngle  magnet.  The  armature  is  rotated 
Id. 

iiliiet  ManseMiil — A   form    of 

fction  induction  machine,  invented 
^William  Thomson  to  act  as  the  re- 
ther  of  his  electrometer.     (See  Ma- 

Ehctrosiatic  Induction, ) 

lilnej  Rheo»tAtlc ^A    machine 

\A  by  Plants  in  whxh  continuous 
effects  of  considerable  intensity  are 
Jed  by  charging  a  number  of  con- 
rs  in  multiple-arc  and  discharging 
in  series. 

condensers  are  charged    by   connecting 
rith  a  number  of  secondary  or  storage  bat- 

kine  Telegraphy, — (See    Telegraphy^ 

hlne,  TiipplerHoltz A  modified 

»f  Holtz  machine  in  which  the  initial 
%  of  the  armatures  is  obtained  by  the 
p  of  metallic  brushes  against  the 
ures. 

hlne«   Wlroshurst  Electrical 

PI  of  convection  electric  machine 
Eed  by  Wimshurst* 
the  Holts  machine,  the  Wimshurst  ma- 
I  a  convection  induction  machine.  It  is, 
fer,  more  efficient  in  action,  and  will  prob- 
KMi  supersede  the  former  machine.  The 
lurst  machine  consists  of  two  shellac- var. 
glass  plates  that  are  rapidly  rotated  in  op- 
directions.  Thin  metallic  strips  are  placed 
mitside  of  each  of  the  plates,  in  the  radial 
own  in  Fig,   363.     These  strips  act 
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Fig,  p$.    The  Wtmskunt  EUctfical  MacktM. 

ors,  connected  together,  provided  with  collecting 
point*,  are  placed  diametrically  opposite  each 
other,  as  shown.  Sliding  conductors,  terminated 
with  metallic  balls,  are  provided  for  discharging 
the  conductors.  Leyden  jars,  the  inner  coatings 
of  which  are  connected  with  two  discharging 
rods,  and  the  outer  coatings  together,  may  be  em- 
ployed  in  this  as  in  the  Ilolti  machine* 

The  exact  action  of  this  machine  is  not  thor- 
oughly understood. 

Hiielilnes,  Dynamo-Electric^  YarletleB  of 

— Dynamo-ciectric  machines  may  be 

divided  into  classes  according  to — 

(I.)  The  manner  in  which  the  magnetism  of 
the  field  magnets  is  obtained. 

(2.)  The  character  of  their  armatures. 

(3,)  The  nature  of  the  current  obtained » 
w  het  h  c  r  CO  o  ti  n  uotis  or  al  te  rnati  n  g , 

I4.)  The  form  of  their  field  magnets. 

(5.)  The  nature  of  their  magnetic  fields. 

(6.)  The  manner  in  which  the  current  of  the 
Held  magnets,  the  armature  and  the  external 
circuits  arc  connected. 

Mack A  term   proposed  by    Mr. 

Oliver  Heaviside  for  a  unit  of  self-indue- 
tion. 

The  term  Mack  is  derived  from  Maxwdl.  The 
unit  of  self- induction  has  also  been  a  tecobm  ajid 
a  quadrant. 


Mftd. 
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The  term  Max  would  seem  to  be  indicated. 
In  the  United  States  the  unit  of  selt- induction  l» 
Cftlled  a  Henry,  after  Prof.  Joseph  Henry.  (See 
Henry ^  A,) 

Made  Circuit. -(Sec  arcuii,  Made) 

Mug^nirfne  Fuse-— (See /ttie,  Afagasine,) 

Mag^ne  Crystalllc  Aetfoii.— (See  Action, 
Magne-Crysldilk. ) 

Magnet.— A  body  possessing  the  power 
of  attracting  the  HDlike  pole  of  another 
magnet  or  of  repelling  the  like  pole  ;  or 
of  attracting  readily  magnetizable  bodies 
like  iron  filings  to  cither  pole, 

A  body  possessing  a  magnetic  field. 
(See  FiaUt  Magneik,^ 

The  lines  of  force  are  assumed  tn  passing 
through  the  QUignetic  field  to  come  out  at  the  north 
pole  of  the  magnet  and  to  go  in  4|  the  south  pole. 
AH  tines  of  force  form  closed  magnetic  circmts*  1 1 
a  mag^netizablc  b»>dy  is  brought  into  a  magnetic 
5eld,  the  lines  of  magnetic  force  are  concentrated 
on  it  and  pass  through  it.  The  body  therefore  be- 
comei  magnetic  The  intensity  of  the  resultini^ 
magnetism  depends  on  the  number  of  lines  of 
force  that  pa»  through  the  body,  and  the  polar- 
ity on  the  direction  in  which  they  pass  through  it, 

A  magnetized  bar  cannot  be  regarded  as  a 
source  of  energy  in  itself.  Energy  must  be  ex- 
pended to  magtietixe  the  iron,  and  must  also  be 
expended  to  demagnetize  it. 

Mngnet,  Anomaloas A  magnet  pos- 
sessing more  than  two  free  poles. 

There  is  tto  such  thing  as  a  unipolar   magnet. 


All  magnets  have  two  poles.  Sometimes,  how- 
ever,  several  magnets  are  so  grouped  that  there 
appear  to  be  more  than  two  poles  in  the  same 
magnet, 

A-.  Jl^  C  0 


Thus,  in  Fig.  3^,  the  magnet  ABC   appears 

to  possess  three  poles,  two   positive  poles  at  A 
and  C,  and  a  central  negative  pole  at  B, 


It  is  clear,  however,  thai  the  central  pole  it  q 
reality  formed  of  two  juxtaposed  negmtive  poh^ 
and  that  ABC  actually  c«>asts(i  of  two  magneti 
with  two  poles  to  each. 

The  magnet  A  B  C  D  Pif  ^  365,  wluch  in  like 
manner  appears  to  poascn  fbar  ■qpasalie  polcs^  io 
reality  is  tormed  of  three  magiielt  with  two  pob 
Io  each. 

Since  unlike  magnetic  poles  neutralize  ott 
other,  it  is  dear  that  only  similar  poles  can  iluii 
be  placed  together  ia  order  to  produce  additiMu 
al  magnet  poles. 


The  six-podnted  star  shown  in  Fig.  |66^  s« 
anomalous  magnet  with  apparendy  seven  polcL 
The  formation  of  the  central  N-pole,aiU  nl^ 
drnt  from  an  inspection  of  the  drawing,  is  dmeto 
the  six  separate  north  poles,  n,  n,  n,  n,  tt,  n,(rf 
the  six  separate  magnets  Sn»  So,  etc.  Sudi  1 
magnet  would  be  formed  by  touching  tbe  i^it 
the  point  N,  with  the  Spole oC  a  mfiideill; 
powerful  magnet* 

The  extra  poles  ai«  tometimes  called  <ii^ 
i^iifHi  p^iis.  Their  presence  may  be  shown  by 
means  of  a  compass  needle,  or  by  rolliog  IIk 
magnet  in  iron  filings,  which  collect  on  thepoiei 

Magnet,  Artificial A  magnet  pio- 

tluced  by  induction  from  another  magnet 
ur  from  an  electric  current. 

Any  magnet  not  tound  in  nature  is  called  in 
aitjftdal  magnet. 

Magnet,  Axial A  name  sometimes 

given  to  a  solenoid  with  an  axiit  or 
straight  core. 

Magnet,  BeU-Misp^ A  modifica- 
tion of  a  horseshoe  magnet  in  which  tbe 
approached  poles  are  semi-annulti  ifl 
shape,  and  form  a  split  tube. 

Bell  shaped  magnets  are  used  in  many  fsltr 


f  liecause  they  can  be  rcadUy  dampened 
Rle>ttn<lii]g  them  by  &  mass  of  copper.  The 
t  in  ks  motion  produces  currents  that  tend 
lose,  and,   therefore^    to  stop  its  motion. 

If  Club-FiM»ted —An  electro- 

let  whose  core   is  in  the  form  of  a 
^shoe  and  is  provided  with  a  mag- 
Dg  coil  on  one  pole  only, 
griiet  ColL— (See  Coi7,  Ma^et) 

^et,  Com peasa ting — A  magnet 

d  over  a  magnelic  needle,  generally 
:he  magnetic  needle  of  a  galvanome* 
>r  the  purpose  of  varying  thedirec- 
nd  intensity  of  the  magnetic  force  of 
irth  on  such  needle.   (See  Gahanom- 

lagtieC,  exiled  a  c^m/^ensaiing  magn€t^  is 
nes  placed  on  a  ship,  near  the  compass 
.  for  the  purpose  of  neutraUiing  the  local 
sns  produced  on  the  compass  needle  by 
gneiJsm  of  the  ship. 

met,  Compontid A  number  of 

magneisplaced  par* 
nd  with  iheix  similar  ^  I 
facing  one  another, 
wn  in  Fig.  567. 
pound  magnets  are 
r  in  proportion  to  their 
than  single  magnets. 

aeti      Gam  pound 

ilite A  horse- 
magnet   composed 
iral  separate  horse- 
Jagnet^  placed  with  Sj 
Qilar    poles    to- 


wm\ 


horseiboc 


magnet  is  shown   in 


ttpcnud 

S. 

"sedioe  magnet  possesses  greater  portative 

ban  a  straight  bar  magnet  of  the  same 

(See  Power y  Portative.) 
lecause  its  opposite  poles  arc  nearer  to- 
aod 

Because  the    magnetic  resistance  of  its 
I  lot,  the  tines  of  magnciic  force  closing 
the  armature,   and   thti9  concentrating 
luetic  attraction  on  the  a.rmature. 
^magnelB  are  generally    made  of  the 
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Mainiet,   Controlllog    — A    name 

sometimes  applied  to  the  controller  in  the 
Thomson-Houston  automatic  system  of 
current  regulation.    (See  Controller.) 

Generally  any  mag. 
net  which  controls 
some  particular  ac- 
tion. 

Mag-net^  CjUadri- 
cal  —  —A  magnet 
in  the  shape  of  a 
cylinder. 

A  helix  or  solenoid 
through  which  a  cur- 
rent  of  electricity  is 
passing  is,  so  lar  as  ex- 
ternal space  is  con- 
cemed,  the  exact  mag- 
netic equivaknt  of  a 
cylindrical  magnet. 

Magnet^  Damping 

—Any  magnet 

employed    for     the 

purpose  of  checking  iko*  Magntt, 

the  velocity  of  motion  of  a  moving  body 

or  magnet 

Dimpeniag  magnets  generally  act  by  the  resist- 
ancc  which  they  olfer  to  the  passage  of  a 
metallic  disc,  so  moved  as  to  cut  the  lines  offeree 
of  their  field. 

Magnet,  Electro A  magnet  pro- 
duced by  the  passage  of  an  electric  current 
through  a  coil  of  insulated  wire  surround* 
ing  a  core  of  magnetizable  material. 

The  magnetizing  coil  is  called  a  hcIlK  or  sole- 
noid.    (Sec  Magmtism,  AmbireU  Theory  o/,) 

Strictly  speaking,  the  term  electro- magnet  ti 
limited  to  the  case  of  a  magnet  provided  with  a 
soft  iron  core,  which  enables  it  to  rapidly  actjuire 
Its  magnetism  on  the  passage  of  the  magnetizing 
current,  and  as  rapidly  la  lose  iU  magnetism  on 
the  cessation  of  such  current. 

An  electric  current  passed  around  a  bar  ot 
magnetisable  material,  in  the  manner  and  direc- 
tion shown  in  Fig,  369,  will  produce  the  polarity 
N  and  S,  at  its  ends  or  extremities  as  marked. 

The  directions  of  the  currents  required  to  pro- 
duce N  and  S,    poles  respectively  are  shown  in 

Fig.  370- 

The  cause  of  this  difference  of  polarity  will  tie 
readily  understood  from  a  study  of  the  direction 
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of  lines  of  magnetic  torce  in  the  field  produced 
by  an  electric  current* 


Fig-  Jt>Q* '  BiUHiy  of  Cumnt. 

The  direction  of  tbis  polarity  may  be  predicted 
by  the  folio  wirsg  modification  of  a  rule  by  Ampdrc: 

Imagine  yourself  swimming  in  the  wire  in  the 
direction  of  the  ctirrent ;  if,  tben,  your  face  is 


direction,  as  from  A.  to  B,  as  shown  in  Fig.  372,1 
the  N,  pole  of  the  needle  is  deficctcd  as  shown,  I 
but  still  to  the  left  ol  the  observer  supposed  to  be| 
swimming  as  before. 

In  any  electric  circuit,  the  lines,  of  magnetSel 
force,  produced  by  the  passage  of  the  current,  fonal 
circles  around  the  circuit  in  planes  at  right  angles 4 
to  the  direction  of  the  current,  as  shown  in  Fig,  | 
373.  The  direction  of  these  lines  of  force  is  the  | 
same  as  that  of  the  hands  of  a  watch,  if  the  cur* 
rent  be  supposed  to  flow  away  from  the  ot>»errer. 
(See  Fu/d^  Afagfutic^  of  an  Ehdric  Current,) 
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F^.  jjo.    N&rlh  and  8mttk  Magrni  Poles. 

turned  toward  the  bar  (hat  is  being  magnetized^ 
its  North  seeking  pole  will  be  on  your  left. 

A 


Nw 


F^.  f^r.     Dfjttction  of 
Magnetic  Netdlt, 


Fig*  fr»'    DiJIictiam  0/ 


If,  for  example,  the  conductor  A  B»  be  traversed 
by  a  current  in  the  direction  from  B,  to  A,  as 
shown  in  Fig.  37 1,  the  north  pole  N,  of  the 
needle  N  S,  placed  under  the  conductor,  is  de- 
flected, as  shown,  to  the  left  of  the  observer,  who 
is  supposed  to  be  swimming  in  the  current,  facing 
the  needle.     It  the  current  flow  in  the  opposite 


Fig-  373'    Dir^tiom  ofUnu  of  Fotct. 
Remembering  now  that  the  lines  of  force  srt  < 

supposed  to  come  <mf  at  the  H<frthpoie  of  a  magnet, 
and  to  pa&s  in  at  the  south  pole,  it  is  eirtdent  thit 
if  ttie  current  flows  in  the  direction  shown  in  Fig. 
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Fig,  J7^    Direciwn  of  Lints  <>/  Forc^, 

374,  the  lines  of  force  will  come  out  at  the  north 
pole  and  pass  in  at  the  south  pole. 

Since  in  a  right-handed  hdix  the  wire  pa«ci 
around  the  axis  in  (he  opposite  directioa  to  thst 
in  which  it  passes  in  a  teft-h&nded  helix^  it  if 
evident  that  the  helices  shown  in  Fig.  375  at  t, 
and  2t  will  produce  opposite  polarities  at  the 
points  of  entrance  and  exit  by  a  current  flowiog 
in  the  direction  of  the  arrows. 

If  the  current  be  sent  through  the  right*hatided 
helix,  shown  at  I,  from  b,  to  a,  that  is,  ^ina  the 
left  to  the  right  in  the  figure,  a  south  pole  will  be 
produced  at  b,  and  a  north  pole  at  a.  U^  hov- 
ever,  it  be  sent  from  a,  to  b,  the  polarity  wfl]  be 
reversed. 

If  the  current  be  sent  through  the  left*haod 
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htVtx,  shown  Mi  2,  from  a,  to  b,  that  is,  trom  the  left 
to  tile  nght  in  the  figure,  a  north  pwle  will  be  pro- 
duced at  a,  and  a  south  pole  at  b.  If,  however,  it 
^B  be  sent  in  the  opposite  direction,  the  polarity  will 
^m  be  reversed . 

^M      Therefore,  in  an  electro. roag net,  on  the  core 
^Bof  which  several  layers  or  thicknesses  of  wire  are 
^B  wound,  in  which  the  current  flows  through  one 
^m  Itycr,  in,  say  a  direction  trom  right  to  left,  the  cur. 
^m  rent  must  return  through  the  next  layer  In  the 
^^  oppo^te  direction,    or  iroie  left  to  right.     The 
polarities  of  the  same  extremities  of  the  helices 
are»    however,    the   same  in  all  cases,  sinte  the 
layers   are   succesnvely    right   and  Uft   handtd 
to  the  current*     The  winding  shown  at  3,  pro- 
duces consequent  poles. 

The  following  laws  express  the  more  important 
principles  concerning  electro- magnets  : 

(I.)  The  magnetic  intensity  (strength)  of  an 
electro- magnet  is  nearly  proportional  to  the 
itrength  of  the  may  netiztng  current,  provided  the 
core  is  not  saturated. 

(2.)  The  magnetic  strength  is  proportional  to 
the  number  of  turns  of  wire  in  the  magnetizing 
coil  ;  that  is,  to  the  number  of  ampere  turns.  (See 
7wr«^,  Ampire.) 

(3.)  The  magnetic  strength  is  independent  of 
the  thickness  or  material  of  the  conducting  wirci- 
Thcse  laws  may  be  embraced  in  the  more  gen- 
eral tutement  that  the  strength  of  on  electro- 


1 


-PV-  i7^.    Righi*Hamdtd,  Uft  HMdtd  and  AnamatettM 

magnet,  the  size  of  the  magnet  being  the  same, 
it  proportional  to  the  niunber  of  its  amp<:rc  turns. 
Turns ^  Ampirt* ) 
A  short  interval  of  time  is  required  for  a  cur- 
at to  thoroughly  magnetize  a  powerful  electro- 
'  magnet. 

A  few  moments  arc  also  required  for  a  power. 

hil  Gtia^et  to  thoroughly  lose  its  magnetism.     At 

the  sacne  time  electro- magnets  are  capable  of 

cquiring  or  losing  their  magnetism  with  very 

at  rapidity.     It  is,  in  fact,  on  this  ability  pos- 

[  to  so  remarkable  a  degree  by  soft  iron,  that 


he  value  of  an  electro -magnet  for  many  purposes 
depends.     (See  Lag,  Magruiic) 

A  difference  exists  between  the  action  of  a  mag- 
netized disc  and  a  hollow  coil  of  wire  through 
which  a  current  of  electricity  is  pasBing.  So 
far  as  the  space  outside  either  is  concerned,  the 
action  js  the  same,  but  the  coil  is  penetrable  on 
the  inside  and  the  disc  is  not,  and  for  the  inside  of 
the  space,  therefore,  there  is  a  tJifferencein  the  ac- 
tion. 

Mai^nett  Electro,  Bar An  electro 

magnet,  the  core  of  which  is  in  the  form  of 
a  straight  bar  or  rod. 

Magaet,  Electro,  Cjllndrical —Ad 

elcctro'inagnet,  the  core  of  which  consists 
of  a  holtow  cylinder  provided  with  a  slot 
extending  parallel  to  its  axis. 

The  gap  tn  the  cylinder  sufiBces  for  the  placing 
of  Che  magnetizing  coils,  and  forms  the  polci. 
This  form  of  electro*  mag  net  was  devised  by 
Joule.  Its  construction  will  be  understood  from 
an  insp>:ction  of  Fig,  376* 


Fig.  37tf.     Cylimdticat  EUctro-MagmL 

Mainteij  Electro,  Horseshoe  — ^An 

electro-magnet,   the  core  of  which  is  in 
the  shape  of  a  horseshoe  or  U. 

Magnet,  Electro,  Hiiglies'  — ^  —  An 
electro-magnet  in  which  a  U*shaped  per- 
manent magnet  is  provided  with  pole 
pieces  of  soft  iron,  on  which  only  are 
placed  the  magnetizing  coils. 

A    quick    acting    electro-magnet,    in 
which  the  magnetizing  coils  are  placed  on 
soft  iron  pole  pieces  that  are  connected 
with  and  form   the  prolongations  of  the, 
poles  of  a  permanent  horseshoe  magnet. 

Hughes  devised  this  form  of  electro -magnet  in 
order  to  obtain  the  best  effects  from  currents  of 
but  short  duration. 

He  thus  obtained  a  quick  acting  magnet,  neces* 
sary  to  insure  the  success  of  his  system  of  printing 
telegraph,  where  the  magnetising  currents  at 
times  have  a  duration  of  but  the  .20  of  a  second. 
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Ma^met,    Electro,    Jonle's    CylliidHcal 

— An  electro-magnet  provided  with 

a  hollow  cylindrical  core.  (See  Magnet, 
Electro^  CylindruaL ) 

MagaeU   Electro,   Iron  Clad  — An 

electro-magnet  whose  magnetizing  coil  is 
almost  entirely  surrounded  by  iron. 

The  eUcct  ot  the  iron  casing  is  to  greatly  re- 
duce the  magnetic  re- 
sistance of  the  circuit. 
Afofm  of  iron-clad  elec- 
tro-magnet  is  shown  in 
^H*  yil'  Here  one  of 
the  poles  is  connected 
with  a  casing  of  iron, 
external  to  the  coils,  and 
is  thus  brought  nearer  to 
the  other  pole. 

Ma^^net,     Electro, 

Long-Core — An  electro- magnet  with 

a  long  core  of  iron. 

A  !ong'Core  electro -magnet  magnetizes  and 
demagnt-ttzcs  much  more  slowly  than  a  short- 
core  electro- magneto 

Magnet,  Electro,  Short  Core An 

electro- magnet  with  a  short  core  of  iron. 

A  short  core  electro. magnet  possesses  the 
power  of  being  magnetized  and  demagnetized 
much  more  rapidly  than  a  long  core  maipet. 

Magnet,  Electro,  Yoked- Honesboe 

A  horseshoe  electro-magnet,  in  which  the 
two  straight  limbs  are  formed  of  two 
straight  rods  or  bars,  yoked  together  at  one 
pair  of  ends  by  a  yoke  or  bar  of  iron. 

In  some  cases  the  magnetizing  coils  are  placed 
on  each  of  the  hmbs.  Sometimes,  however,  a 
single  coil  is  placed  at  the  middle  of  the  yoke 
and  the  limbs  are  left  bare. 

Even  with  the  do»est  possible  fitting  the  re- 
sistance ot  the  magnetic  circuit  is  much  greater 
in  this  form  of  clcctro-magnet,  owing  to  the 
smaller  permeability  of  the  air  gap  at  the  joints, 
than  it  would  be  if  the  entire  core  were  made  of 
a  tingle  piece  of  iron.  A  yoked  electro* magnet 
if,  however,  more  convenient  to  make  and  use. 

Magnet,  Electro,  Zigzag A    raulti- 

polor  electro-magnet,  the  magnetizing 
coils  of  which  are  separately  wound  in 
grooves  cut  in  the  face  of  straight  or 
curved  bars. 


A  form  of  stgtag  electro. magnet    devised  bf  1 
Joule  is  shown  in  Fig.  378.     The  S|>inl  char-] 
acter    of    the     winding 
produces    the    alternate 
North  and  South  potari* 
ties  shown  in  the  figure. 

Magnet*  Equator  of 
—A  point  ap- 
proximately midway 
between  the  poles  ofa 
straight  bar  magnet, 

1  'J  ^'S7^*    IKpay  ElKt^\ 

or     nearly     midway    *  ^'    -   •"•  • 

from  the  poles  of  a  horseshoe  magnet  if ' 
measured  along  the  bar  from  each  pole. 

This  term  was  proposed  by  Dr.  Gilbert.     It  il  s 
mow  almost  entirely  displaced  by  the  term  nemiral 
point, 

Magnetp  fltgh-Realstaiice A   term 

sometimes  u:ied  in  place  of  long-coil  mag- 
net whose  coils  have  a  high  electric  resist* 
ance.     {^t  Magnet,  Long*  C&zJ.) 

The  term  long^coil  magnet  is,  perhaps,  the 
preferable  one,  because  the  resistance  of  a  ooil 
ptr  se^  has  nothing  to  do  with  its  magnetiito^ 
power,  which  is  determined  by  its  ampere  turns. 
(See  7 urns t  Amp^rt.     Magnet ^  I^fmg^CmJ,\ 

Mn^et,  HorAeehoe loagnetiied 

bar  of  steel  or  iron  bent  in  the  form  oft 
horseshoe  or  letter  U. 

Magnet^  Iron  Clad A  magnet  whose 

magnetic  resistance  is  lowered  by  a  casing 
of  iron  connected  with  the  core  and  pro- 
vided for  the  passage  of  the  lines  of  mag- 
netic force,   {Sec  Magnel,  Tmdmlar.) 

Magnet^  Jacketed  - —  —A  term  some- 
times applied  to  a  form  of  iron-clad  mag- 
net.  (See  Magnet,  Irem-Chd. ) 

Magnet,  Keeper  of A  mass  of  §oft  I 

iron  applied  to  the  poles  of  a  magnet  I 
through  which  its  lines  of  magnetic  forrce  1 
pass.    fSee  Ficid,  Magnetic.) 

The  keeper  of  a  magnet  differs  from  iti  srwu- 
ture  in  that  the  keeper  while  acting  as  such  is 
always  kept  on  the  poles  to  prevent  lots  of  mag- 
netiaationr  while  the  armature,  besides  acting  as 
a  keeper,  may  be  attracted  towartlSf  or,  \i  an 
electro.magnet,  be  repelled  from  the  magoct 
poles.  While  performing  its  functions  the  kcepor 
is  always  fixed,  the  annatme  generally,  though 
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,  19  is  motion.     A  keeper  is,  of  coune, 
y  with  perinAnent  ma^etv 
pn  is  divided  as  to  the  efficacy   of  the 
p  fireveating   lots  of  m^gnctixation  in 

h$ng'CM  — -  —An  electro- 
whose  magnetizing  coil  consists 
turns  of  thin  wire. 

Lovf-Resi!itaiiee A    term 

used  in  place  of    short-coil 
(See  Magnei,  Shart-CoiL) 
J  th&rt^ioil  mapt£ty  is  the  prefiermble 

»t»  Marked  Pole  of A  name 

applied  to  that  poVe  of  a  magnet 
^  points  approximately  to  the  geo- 
ital  north. 

^  pole  of  the  magnel  that  points  to  the 
Ihkal  DQirth  be  in  reality  the  north  pole 
liagnet,  then  the  e^rth^s  magnetic  pole  in 
rthem  Hemisphere  is  of  south  magnetic 
L  In  the  United  States,  and  Europe 
^,  this  is  regarded  as  the  fact. 
^Trench,  however,  formerly  called  the 
the  needle  that  points  to  the  earth's  geo* 
Hi  north,  the  south  or  austral  pole.  In 
i  and  England  it  is  called  the  n&rth  fwU^ 
fJkid  pcli^  or  the  north  sttking  poU^  and 
Ithem  Uexni sphere  is  assumed  to  po^ess 
Magnetic  polarity.  {See  PoU^  Magnetic ^ 
I     /W^,  Magnttic^  Boreal.) 

^U  Mament  of ^The  eflfeciive 

if  a  magnetic  couple  as  obtained  by 
flying  one  of  the  forces  of  the  couple 
^  perpendicular  distance  between 
|iections  of  the  forces. 
bomcnt  of  a  magnet  is  equal  to  the  prod* 
iihe  volume  of  the  magnet  and  the  in- 
ir  magnetization f  or  simply  its  magnettaa- 

iit.  5alural A  name  some- 

||iBen  to   a   lodestone.    (See  Lode- 

tti  ISentral  Line  of (See  Line, 

^^  qfa  Magmt ) 

Permanent  ^ -A  magnet  of 

ed  steel  or  other  paramagnetic  sub- 
rhich  retains  its  magnetism  for  a 
[le  after  being  magnetized. 


A  permanent  magnet  (s  distmguishcd,  in  this 
respect,  from  a  temporary  magnet  of  soft  iron, 
which  loses  its  magnetization  very  shortly  alter 
being  taken  from  the  magnetising  field. 

Magnet,  Portative  Power  of ^Thc 

lifting  power  of  a  magnet. 

The  portaHve  or  Hfhng  ptwer  of  a  magmii, 
depends  on  the  form  of  the  cnagi^et,  as  well  as  on 
its  strength*  A  horseshoe  magnet,  for  example, 
wilJ  lift  a  much  greater  weight  than  the  same 
magnet  if  in  the  form  of  a  straight  bar. 

This  is  due  not  only  to  the  mutual  action  of  the 
approached  poles,  but  also  to  the  decreased  re- 
sistance of  the  magnetic  circuit,  and  to  the  greater 
number  of  tines  of  magnetic  force  that  pass 
through  the  armature.  The  portative  power  is 
proportional  to  the  area  of  contact  and  the  square 
of  the  magnetic  intensity,  the  formula  being 
p_      A  X  B« 

in  which  P,  is  the  lifting  power  in  grammes,  A» 
the  area  of  contact  in  square  centimetres,  and  B, 
is  the  number  of  linei  of  force  per  square  centi- 
metre. 

HaiTiiei  Operation (See  OptroHm, 

Magnei. ) 

Magnet,  ReceiTin^ ^A  name  some* 

times  given  to  the  relay  of  a  telegraphic 
system.      (See  Hilay.) 

In  general,  any  magnet,  used  directly  in 
the  receiving  apparatus,  at  the  receiving 
end  of  a  line  connecting  a  system  of  elec- 
tric communication  between  transmitting 
and  receiving  instruments. 

Magnet,  Beirnlator A  magnet,  the 

operation  of  which  is  to  automatically 
effect  any  desired  regulation. 

The  magnet  in  the  Thomson-Hauslon 
system  of  automatic  regulation,  by  means 
of  which  the  commutator  collecting 
brushes  are  automatically  shifted  to  such 
positions  on  the  commutator  as  will  main- 
lain  the  current  practically  constant,  de- 
spite  the  changes  in  the  resistance  of  the 
circuit  external  to  the  machine.  (See 
Regulation,  Automatic) 

Magnet,  Relay -An  electro- magnet, 

whose  coils  are  connected  to  the  mam  line 
of  a  telegraphic  circuit,  and  the  movements 
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of  whose  armature  is  employed  to  bring  a 
local  battery  into  action  at  the  receiving 
station,  the  current  of  which  operates  the 
register  or  sounder. 

Blagnet,  8hiirt-€©il An  electro- 
magnet whose  magnetizing  coil  consists 
of  a  few  turns  of  short,  thick  wire. 

Magnet,  Simple —A  simple  mag- 
netized bar. 

Tlie  term  simple  magnet  is  uied  in  contiadis- 
tlnction  to  compound  magnet.  (See  Magntt^ 
Compmtnd. ) 

Magnet,  SlaggUh A  magnet  that 

magnetizes  or  demagnetizes  sluggishly. 

An  electro- mjLgnet  becomes  sluggish  when  »iir- 
rounded  by  a  sheathing  oj  copper,  on  account  of 
the  currents  induced  in  the  sheathing  in  a  direc- 
tion opposite  to  those  pa&sing  through  the  mag- 
netizing coiL 

Magnet,  Solenoldal —A  thin,  uni- 
formly magnetized  straight  bar  of  steel,  of 
such  a  length  that  its  poles,  situated  at 
extremities  or  ends  of  its  longer  axis,  act 
on  external  objects  as  if  equal  and  oppo- 
site quantities  of  magnetism  were  con- 
centrated at  such  extremities. 

It  derives  tts  name  solcnoidal  from  the  simi- 
larity between  its  action  and  that  of  a  toleooid. 
Unless  very  carefully  magnetised,  a  magnet  will 
not  act  as  a  tolenotd  magnet.  (See  Magnet^ 
Ele€tr&,  Afagnefum,  S&imoidal  Distriduti&n  a/,) 

Magnet^  Tnlialar —A  form  of  horse- 
shoe magnet,  in  which  one  pole  is  brought 
near  the  opposite  pole  by  a  hollow  cyitn- 
dcr  or  tube  of  iron,  which  is  placed  in  con- 
tact with  one  of  the  magnetic  poles,  so  as 
to  completely  surround  the  other,  except 
in  the  plane  of  cross-section  of  that  pole. 

A  form  of  iron -clad  magnet.  (See 
Magnet,  Irm-Ciad.) 

There  is  thus  obtained  a  magnet,  with  two  con- 
centric poles,  one  solid  and  the  other  annular, 
the  portative  power  of  which  Is  much  greater  than 
that  of  a  horseshoe  magnet  of  equal  dimensions. 

Magnet,  Field,  of  DynamaElectrie  Ma^ 

chine '  — One  of  the  electro-magnets 

employed  to  prodtice  the  magnetic  field 
of  a  dynamo-electric  machine. 
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The  field  magnets  consist  of  a  tuitable  framti 
or  care^    on   which  the  Ji€ld  magmt  cailj 
wound. 

The  Jif/d  magnfi  em^ei  are  made  of  thick 
solid  iron,  as  soft  as  possible.    They  sbotild  < 
tain  plenty  of  iron  in   order  to  avoid  too  rcadf 
magnetic  saturation* 

All  edges  and  comers  are  to  l>c  avoided^  m 
they  tend  to  cause  an  trregular  distribution  of 
field. 

The  field  magnets  should  in  general  have  snffi* 
cient  magnetic  strength  to  prevent  the  magnet* 
iaing  effect  of  the  armature  from  unduly  infla* 
encing  the  6eld,  and  thus,  by  causing  too  greats 
/ead,  produce  injurious  sparking. 

Magnetic  or  Magnetleal.— Pertaining  to 
magnetism. 

Magoetic  Adherence*— (See  Adherena, 
Magnetic, ) 

Magnetic  Air  Circuit.— (See  Orcmt,  Aif, 
Magnetite ) 

Magneilo  Air  Gap — (See  Gap,  Air,  Mag- 
nefii. ) 

Magaetic  Attra<rtIoa.~(See  AifroiJm, 
Magnetu, )  ^^H 

Magnetic  Axis.— (See  Axis,  Afagntt^^^ 

Magnetic  Axis  of  a  Straiglil  Keedle.- 

(See  Axis,  Magnetic,  of  a  Straight  NetSt) 

Magnetic  Ailmotlu— (Sceyl^iOTw/A,  Ma^- 

neiu  ) 

MagDctic  Battery.— (See  BaUery,  Mag- 
netic.) 

Magnetic  Briiife.— (See  Bridge,  Mat 
neiic^) 

Magnetic  Circuit,— (Sec  Ciraiii,  Mag- 
netic) 

Magnelle  ClcsedClrcnit.— (Sec  CirasH, 
Closed  Magnetic, ) 

Magnetic  Conductance.— (See  Cmdud- 
anct,  Magnetic.) 

Magnetic  Core,  Closed  — ^(See  Oe, 

Closed' Magnetic, 

Magnetic  Core,  Opea (See  Gr*, 

Open- Magnetic. ) 

Magnetic  Coaple»-(See  C<m^,  M^ 
netic*) 
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ic  CiirTes,— (See    Curves,    Mag- 

letlc  Baj  of  Disttirbaiicc.— (See  Day 

cilnatlim,  —  fSee    Dedim- 

stlf-— (See  Density,   Mag- 

l«tic  Blp-— (See  Dip,  Magnetic *\ 

petJc    Element!!  ef  a   Plaee,— (See 

l/x.  Magnetic,  of  a  Place. ) 

letlc   Equalizer. — (See    Equalizer , 

'die.) 

lelie  Explorer, — (See  Explorer,  Mag- 

ftetic,  Ferra Magnetic  after 

jiner  of  iron  or  other  paramagnetic 
(See  Paramagnetic.) 


ieUcFIetd.-(See  Field,  Magnetic.)     ^^'y*  ^^'^"*'^f^ 

letlc  Field,  Bererslug. (See 

tfagnetic,  Reversing.) 

letlc     Field,     Shining- —(See 

Magnetic,  Shi/ting.) 

letlc  Flgnree.— See  Figures,   Mag- 

Field,  Mdgn  etic. ) 

ketlc   Filament.  —  (See      FJament     Magnetic.) 


Magnetic  Lag,— ^(See  Lag,  Magnetic.) 

Magnetic  Latitude. — (See  Latitude,  Mag- 
neiii. ) 

Magnetic  Leakaice. — (See  Leakage,  Mag* 
neiic. ) 

Magnetic  Lines  ef  Force*^(See    Force^ 

Magnetic,  Lines  of ) 

Magnetic  Mags. — (See  Mass^  Magnetic, ) 

Magnetic  Memory* — (See  Memory ^    Mag- 
netic. ) 

Magnetic  Meridian.  —  (See   Meridian, 
Magnetic.) 

Magnetic   M omenta — (See  Moment t  Mag- 
neiic.) 

Magnetic  Normal  Day.— (See  Day^   Nor- 
mat.  Magnetic,) 

Magnetic  Obserratotj.  —  (See     Obstrva- 


Magnetic  Outpot— (See    Output,     Mag- 
netic. ) 

Magnetic  Parallel —(See  Parallels,  Mag* 
netic. ) 

Magnetic  FenneabiUtj.  —  (See  Permea- 
bility, Magnetic. ) 

Magnetic  Permeance.-^^See  Permeance^ 
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Magnetic  Pernteatlan^^ — (See  Permeation, 


ictic   Flow.— (See /7^t^   Magnetic.)  Magnetic.) 

«tlcFlux,-(See    Flux,  Magnetic.)  Magnetic  Poles. HSee  Poles,   Magnetic,) 

«»tlc  F«rce.-(See  Force,  Magnetic, )  j^^^^,^  ^^^^^^  False,—  -(See  Pole, 

»tl€  Inclliiatien.— (bee   Inclmatum,  Magnetic,  False.) 

^^  ^  Magnetic  Proef  Piece.— (See  Piece,  Mag- 

letJe   Induction.  ^ — (See    Induction,  net  ic  Proof) 

^<^)  Magnetic    Proof   Plane.— (See      Plane, 

jetie    Induction »  Dynamic.  —  Proof ,  Magnetic) 

\fmtion.  Magnetic,  Dynamic)  Mm^^m^  Remctance.-(See  Reluctance, 

ietio  Indut!ticin,  Static. (See  Magnetic.) 

In,  Magnetic,   Static.)  Magnetic  Kepnlslon.  —  (See  Repulsion, 

»Uc  Inertia.— (Sec   Inertia,    Mag-  Magnetic.) 

Magnetic  Kcsistance.  —(See  Resistance, 

Stic    IntenHitj.  —  (See     Intensity,  Magnetic.) 

^•)  Magnetic  Retardalitm.  —  (See  Retarda- 

tic  JDlnt-^(See  foint.    Magnetic, )  tim  Magnetic.) 


Mag.] 

Mjig&etfc  Retentivlty.— (See  Retcnim/y, 

Magnetu.) 

Magnetic    Saliirallon.^(See   Safuraitm, 
Magneiic, ) 

Ma^etic  Screen  ar  Shield,— (See  Screen 
'  or  Skkid,  Magncik.) 

M  iign  elic    Scree ulti  g .  —  (  See    Sc  reming^ 
Magnelu, ) 

MAfnetic,    Self  Induction, — (See    Indue* 
Hon,  Self,  Magnetic) 

Ms^elicShellft.— (See  SAei/s,  Magnetic.) 
MAf  iieiic  Shunt*— (See  Shuni,  Magnetic  ) 

Ma^uetle  SIdero A  term  proposed 

by  S.  P.  Thompson  to  replace  the  term 
ferro-magnetic.     (Sec  Magnetic,  Ferro,) 

M  a  ITU  et  Ic  Solenoid.  —  (S  ee  Soienoid^  Mag- 
nefk. ) 

Mag^netie  Sounds*— (See    Sounds,    Mag^ 
nehc, ) 

Mai^tietlc  Spin.— (See  Spin,  Magnetic. ) 

Magnetic  St-tirm,— (See  Storm ,  A  fag- 
net  ic.) 

Jlifnetle  Strain,  —  (See  Strain,  Mag- 
mtic,) 

iHiigneilc  Slresg* — (See  Stress,  Magnetic, ) 

Maf^ette  SuAceptil»iiltj.— (See  Suscepti- 
hilify.  Magnetic.) 

Mftrnette  Theodolite.- (See  Theodoiiie, 
Magfwtii  ) 

Ma^iieUe   Cult  Pole.— (Sec  Pole,    Unit, 
Magneiic,) 
Magnetic  Units.— (See    Units,  Magnetic) 
Ma^etic  Vane  AnLmeter* — (See  Ammetir, 

Magnetic-  Vane, ) 

Magnetic  Yane  TolLmeter.  —  (See  Voli- 
m  efer ,  A/agnctic  J  \  in  e. ) 

Magnetic  Yarlatlong.  —  (See  Variations, 
Magnetic, } 

Maf  aelte  Yariation  Traaftlt.-'(See  Iran- 
sit,  Magnetic  Variation.) 

Magnetic  Yjirioaieter.— (See  Jariametert 
Magnetic) 
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Magnetic  Yiscofittj.-  (See  Vuc&nfy,  Mag^^ 
nctic.) 
MagneOo  Whirl.— (See  Whirls,  Magmetii^j^ 
Magnetic  Whirl,  Expanding  —(Sec 

Whirl,  Magmiic,  ExjHimiing .) 

MagneticSt  Electro That  branch  of 

electric  science  which  treats  of  ihc  rela- 
tions that  exist  between  electric  circuits 
and  magnets. 

Magnetism,  —  That  branch  of  science' 
which  treats  of  the  nature  and  properties 
of  magnets  and  the  magnetic  field.  (See 
Fields  Magnetic) 

A  property  or  condition  of  matter  at- 
tended by  the  existence  of  a  magnetic 
field. 

Magnetism,  Ampere- b  Theorj  of A 

theorj'or  hypothesis  proposed  by  Ampere, 
to  account  for  the  caase  of  magnetism,  bv 
the  presence  of  electric  currents  in  the 
ultimate  particles  of  matter. 
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Tlik  theory  aasumet ; 

(I,)  That  the  iillimatc  j>4rtJ<:lcs  ot  aU  maijucn 
zable  bodies  have  closed  electric  circuits  in  whicJi 
electric  currents  arc  continually  flowing. 

(2.)  That  in  an  unmagneitzed  body  tbcircii- 
cuits  neutralize  one  another  l>ecauic  they  haw 
diflerent  directions. 

(3.)  That  the  act  of  inagnetiaatjoci  ooasiHiip 
such  a  polarieation  of  the  ptrticles  ma  will  aunt 
these  currents  to  flow  in  one  and  the  sane  dlivc-  * 
tion,  magwflU  saSuratien  beiag  reached  when  all 
the  separate  circuits  are  parallel  to  one  aiiathcr. 

(4.)  That  (0rrciveforct  is  due  to  the  rcsiitancie 
these  circuits  offer  to  a  change  in  the  ditc^ctioft 
of  their  planes. 

Figs.  379  and  380  show  the  circular  paths  <^ 
some  of  these  drcuiti.     Fif.  379  ahowi  the  i« 
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I  of  an  miniagnetized    bar.     Fig. 
ooDdition  of  a     magnetised 

reful  mspection  of  the  ^gureswiH  show  that 
^iipactizcd  bar  all  the  separate  currents  flow 
Line  direction.  Ali  the  circuits  txctpt 
the  txtrtme  tdge  of  tk^  bar  wiii,  there- 
the  turrenis  fhwmg  m  iktm  in  opp^nte 
t0  thai  tH  their  neighboring  arcuits^ 
*efQrt^  will  neutralize  one  another.  There 
Wtokm^  hmteveTy  a  current  in  a  dradt  on  the 
w/ ike  bar,  which  must  therefore  be  re^ 
|#i  the  magnetising  current. 
led  b7  these  considerations,  Ampere  pro- 
il  toil  of  wire,  called  a  solenoid ^  which  ts 
^ivmleot  of  the  magnetizing  circuit  assumed 

:fore follows  that  an  electric  current  sent 

ta  ant  of  insulated  wire  surrtnmding  a 
IT  of  soft  iron,  or  other  read  ily  magnet* 
hiatcfial,  will  make  the  same  a  magnet*  A 
t  so  produced  is  called  an  electro- magnet. 
EUctr9:) 

\  coil  IS  called  a  heiix  or  sole- 
!  S^ttmcid^  Electro* Magnetic^) 

r  of  the  magne^  depends  on  the 
In  of  the  current,  or  on  the  direction  of 
g  of  thfC  hdjx  or  solenoid.  (See  Solenoid^ 
ia^iol.  Soicnoidy  DextrorsaL) 
I  nnpr6b»hi(it J  of  an  electric  current  con- 
}  iowtDg  m  a  circuit  without  the  eapendi- 
,  has  led^  perhaps,  tbc  majority  of 
I  to  reject  Ampere's  theory  of  mag- 

,  however,  does  not  agree  with  the  ma- 
TfilifriGiBls  in  regarding  a  constant  flow 
r  AvBO^h  the  molecules  of  magnetiaa* 
t  as  an  impossibihty.  On  the  sup- 
t  the  atoms  or  molecules  possess 
e,  the  current  would  flow  through 
He  safs:  **To  all  intents  and  pur- 
nly  atoms  are  inftnitdy  elastic,  and 
I  Ihey  not  also  be  infinitely  conducting  ? 
I  the  dissipation  of  energy  occur,  in 
I  to  an  dec  trie  current  circutating  wholly 
There  ia  no  reason  why  it 


» Aiiimml A  term  some- 
applied  to  hypnotism  or  artificial 
kmbulism« 

lilisai.  EArt]i%  Theoriei  w  U  Cause 
-The  various  theories  or  hypotheses 


respecting  the  catise  of  the  earth's  magnet* 
ism. 

Any  theory  or  hypothesis  which  shall  satisfac- 
torily explain  the  cause  of  the  earth's  magnetism 
must  account  for  the  following  phenomena,  viz.  ; 

(I.)  Variations  In  the  intensity  of  the  earth's 
magnetic  field, 

(2.)  Variations  in  the  earth's  isagnetic  inclina- 
tion, declination  and  intensity. 

The  £oUowing  hypotheses  have  been  proposed; 

i&t.  That  the  earth's  magnetism  is  due  to  the 
circulation  round  the  earth  of  electric  cumenti 
produced  by  differences  of  temperature  which  the 
earth's  surface  acquires  from  eapovure  to  the  sun 
during  its  rotation. 

As  the  earth  rotates  &oni  west  to  east,  the  area. 
of  greatest  heat  would  move  round  the  earth  in 
the  opposite  direction,  or  &om  east  to  west.  If 
now  those  differences  erf  temperature  could  pro- 
duce,  in  a  manner  not  as  yet  eaplained,  thermo- 
electric  currents  circulating  round  the  earth  frofa 
east  to  west,  such  currents  would  produce,  in  the 
Northern  ifemisphere  of  the  earth,  south  mag- 
netic polarity,  and  in  the  Southern  Hemispbere 
north  magnetic  polarity,  which  would  accoimt  for 
the  magnetic  polarity  of  the  earth. 

Differences  in  the  intensity  of  the  earth*$  mag- 
nettc  field,  and  in  the  inclination  and  direction  of 
its  lines  ol  magnetic  force,  would  be  explained, 
according  to  this  hypothesis,  by  the  differences  in 
the  amount  of  the  solar  radiation  at  diffiereot 
times. 

The  objection  to  this  theory  is  to  be  found  in 
the  fact  tliat  by  far  the  larger  part  of  the  earth ^t 
surface  at  the  Equator  is  composed  of  water,  so 
that  the  differences  of  pot^.tial  at  such  parts, 
produced  by  the  diSerences  of  temperature,  are 
not  readily  set  up  in  the  earth's  crust,  if,  indeed, 
they  are  set  up  at  alL 

2d.  That  the  earth's  magnetism  is  doe  to  in* 
duction  from  an  already  magnetized  sun.  Thti 
theory  was  brought  forward  by  Seed  and  others. 
It  is  not  generally  credited. 

3d*  A  theory  proposed  by  Big  low,  which  ac- 
counts for  the  earth's  magnetism  by  rotation  in 
the  magnetic  fidd  of  the  sun's  light  and  radia- 
tion. 

Biglow  bdieves  that  the  earth's  magnetism  is 
due  to  its  rotation  in  the  magnetic  field  of  the 
sun's  light.  As  the  sun's  light  illumioes  one-half 
of  the  earth's  surface,  the  earth's  rotation  causing 
different  portions  of  the  surface  to  pass  througli 
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this  illUTTiim  i  area^  produces,  in  Prof,  Biglow's 
opinion »  th  *e  differences  in  the  direction  andin- 
tensity  of  t!ie  magnetic  lines  of  the  earth 'i  field 
that  correspond  to  differences  in  the  earth's  mag- 
netic intensity,  declination  and  lnclinadon« 

It  will  be  observed  that  in  all  these  theories  the 
sun  is  the  prime  f^actor  in  the  productioii  ot  the 
eartVs  magnetism. 

The  evident  connection  between  the  earth's 
magnetism  and  the  solar  radiation  is  established 
from  the  well  known  connection  between  the  so- 
called  magnetic  storms  and  variations  in  the  in  - 
tensity  of  the  M^rth's  magnetism. 

Magnetic  storms  are  always  attended  by  out- 
bursts of  solar  energy,  known  technically  as 
sun  spots.  A  series  ol  observations  on  the  num^ 
bcrs  and  frequency  of  sun-tfKJts,  plotted  in  the 
form  of  a  curve,  the  ordinate*  of  which  represent 
the  times  of  occurrence  of  the  spots  and  the 
abfdssas,  the  number  of  such  spots^  prove  that 
such  curve  agrees,  in  a  remarkable  manner,  with 
a  similar  ciirve  representing  the  variations  ot  tl^e 
earth's  magnetic  6 eld. 

An  evident  connection,  too,  exists  between  the 
earth ^a  magnetism  and  the  prevalence  of  the 
aurora  borealis* 

Magnetltiii,  Electro Magnetism 

produced  by  means  of  electric  currents. 

The  discovery  by  Oersted,  in  1820,  of  the  »c- 
tion  of  an  electric  current  on  a  magnetic  needle, 
was  almost  immediately  followed  by  the  simul- 
taneous and  independent  discoveries  by  Arago 
and  Davy,  of  the  method  of  magnetizing  iron 
by  the  passage  of  an  electric  current  around  it. 

These  observations  were  first  reduced  to  a 
theary  by  Ampc^re  (See  Magnetism^  Amptrt*f 
Tkeary  cf,     Magmt^  E/ectro.) 

Mji^nett^in,  Ewiii|r*9  Theory  of —A 

theory  of  magnetism  proposed  by  Prof. 
Ewing,  based  on  the  assumption  of  orig- 
inally magnetized  particles. 

Ewing^s  theory  of  magnetism  assumes  that  the 
ultimate  particle*  ot  matter  are  naturally  mag- 
netic and  possess  polarity.  In  this  respect  Ewing's 
theory  agrees  with  the  theories  of  Hughes  and 
Weber.  Ewing  docs  not  believe,  however^  in  the 
necessity  for  the  assumption  of  any  arbitrary  re. 
straining  or  constraining  force  to  the  movements 
of  these  ultimate  magnetic  particJcs  other  ihan 
those  due  to  their  own  mutual  magnetic  attractions 
and  repulsions.     He  assumes  that  in  a  magnet. 


the  centres  about  which  the  molecular  inagni 
rotate  are  maintained  at  constant  distances  frc 
one  another,  save  only  ai  they  arc  affected  by  tUi 
action  of  strain. 

He  has  experimentally  demonstrated  the  priOi 
ciples  of  his  theory  by  means  of  a  model  in  whidi 
a  number  of  small  magnetic  needles  aj^c  so  i 
ported  as  to  be  capable  of  free  motion  in  a  bori* 
zont^  plane,  when  under  varyi&g  magnetic 
forces* 

According  to  Ewing,  ♦'magnetic  hysteresis 
IS  not  the  result  of  any  quasi -fricUonal  reststaxtcft 
to  molecular  rotation,  but  arises  from  a  molecolo 
moving  from  one  posiu'on  of  stable  equilibrium  ^ 
another  position  of  stable  equilibrium   through  t 
position  of  unstable   equilibrium.     **  This  prCK 
cess  '*  says  Ewing,  •'considered  mechanically,  is 
not  reversibtc.     The   forces  are  different  for  the 
same  displacement,  going  and  coming,  and  there 
is  dissipation  of  energy.    In  the  model,  the  energy 
thus  expended  sets  the  little  bars  swinging,   and 
their  swings  take  some   time  to  subside.     In  the 
actual  solid,   the  energy   which   the  moleculir 
magnet  loses  as  it  swings  through  unstable  posi- 
tions, generates  eddy   currents  in    surrounding 
matter.      Let    the    magnets   of  the    model  be 
furnished  with  air   vaiies  to  damp   their  swings 
and  the  correspondence  is  complete/* 

In  Hughes*  modification  of  Weber'*  theory  of 
magnet] sm»  it  was  held,  that  when  magoetiied 
iron  was  suddenly  demagnetixed  by  torsioo  (^r 
flexure,  tt  lost  its  magnetisation  because  the  mo- 
lecular magnets  came  to  rest  in  closed  chains,  which 
produced  no  external  effects.  £xpcriment»tioi} 
with  Ewing 's  model  of  a  magnet  shows  that  when 
the  separate  magnets  after  having  been  placed  in 
any  particular  grouping  arc  permitted  to  cometo 
rest  free  from  any  external  magnetic  force,  they  do 
not  arrange  themselves  in  closed  chains,  but  in 
general  the  tendency  appears  to  be  the  formfttiof* 
of  Unes  consisting  ot  two,  three  or  more  tua|ne^ 
each  member  of  a  line  being  strongly  coniroU*^ 
by  its  next  member  in  that  line,  but  infltiesKei 
by  the  neighbors  which  lie  off  the  line  on  citbef 
side. 

The  fact  that  a  given  force,  suddenly  applied, 
produces  more  magnetic  induction  than  vhfo 
gradually  applied,  and  leaves  lest  residual  nug' 
netism  when  suddenly  than  when  gradually  rt- 
moved,  is  preiumably  due  to  the  inertia  of  the 
molecules. 

The  influence  of  mechanical  vibration  m  in- 
creasing the  magnetic  suKeptibitity  and  decrtit- 
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gnedc  retentivenesst  is  ascribed  by 
to  Ibe  (act  that  the  vibrations  cause 
i  variations  in  the  distanci.*s  between  the 
of  rotation  of  the  magnetic  molecules; 
king  the  molecular  magnets  respond  more 
to  changes  of  magiietic  force  during  the 
ry  arc  moving  away  from  one  another, 
leir  magnetic  stability  is  less,  but  also  in- 
I  the  ease  with  which  they  respond  to 
I  of  magnetic  force,   by  causing  them  to 

g  discuses  the  theoretical  effects  of  tem- 
t  on  magnetism  as  follows^  vii.:  Suppose 
rate  magnetizing  force  to  be  applied  so 
Ihing  like  saturation  is  obtained,  if  now 
perature  be  raised ;  then 
The  magnetic  permeability  increases  until 
tperature  reaches  a  certain  (high)  critical 

It  this  temperature  there  is  suddenly  an 
complete    disappearance    of    magneiic 

ixplams  these  facts  as  follows,  viz.:  An 
t  of  temperature  by  increasing  the  distance 
I  the  molecular  centres  causes  a  decrease 
Jtability. 

loss  of  magnetic  qualities^  when  a  certain 
Iture  is  reached,  is,  he  believes,  due  to  the 
Ht  at  such  temperatures  the  magnetic 
Ici  are  set  into  actual  rotation,  when, 
(f »  all  traces  of  polarity  would  disappear. 
g'l  theory  of  magnetism  als^j  accounts  to 
lerable  ext^'nt  for  the  fITects  of  stress  and 
lent  elastic  strain  on  the  magnetic  qualities 
nickel  and  cobalt. 

bllowing  general  summary  of  his  theory 
n  mainly  from  Prof.  Ewiog'*  original 
as  published  in  the  Journai  of  thf  Socuty 

That  in  considering  the  magnetization  of 
d  othc  r  magnetic  metals  to  be  caused  by 
ling  of  permanent  molecular  magnets,  we 
ok  liroply  to  the  magnetic  forces  which 
Secular  magnets  exert  upon  one  another  as 
pe  of  their  directional  stability.  There  is 
I  to  suppose  the  existence  of  any  quasi* 
tirecting  force,  or  any  quasi-fnctional  re- 
I  to  rotation* 

rhat  the  intermolecular  magnetic  forces  are 
It  to  account  for  all  the  general  character- 
^tfae  process  of  magnetization,  including 
tiations  of  susceptibility  which  occur  as 
Dg  force  is  increased. 


(3.)  That  the  intermolecular  magnetic  forces 
are  equally  competent  to  account  for  the  known 
facts  of  retenttveness  and  coercive  force,  and  the 
characteristics  of  cyclic  magnetic  processes. 

(4.)  The  magnetic  hysteresis  and  the  dissipation 
of  energy  which  hysteresis  involves  are  due  to 
molecular  instability,  resulting  from  intermolec- 
ular magnetic  actions,  and  are  not  due  to  any- 
thing in  the  nature  of  frictional  resistance  to  the 
rotation  of  the  molecular  magnets, 

(5 . )  That  this  theory  is  wide  enough  to  admit  an 
explanation  of  the  diflTercnccs  in  magnetic  quaUty 
which  are  shown  by  different  substances,  or  by 
the  same  substance  m  different  states 

(6.)  That  it  accounts  in  a  general  ymy  for  the 
known  effects  of  vibration,  of  tempcrattirc,  and 
of  stres>,  upon  magnetic  quality, 

(7  )  That,  in  particular,  it  accounts  for  the 
known  fact  that  there  is  hysteresis  in  the  relation 
of  magnetism  to  stress, 

(S.)  That  it  further  explains  why  there  is  in 
magnetic  metals  hysteresis  in  physical  quality 
generally  with  respect  to  stress. 

(9.)  That,  in  consequence,  any  (not  very  small) 
cycle  of  stress  occurring  in  a  magnetic  metal  m- 
vo^vcs  dissipation  of  energy. 

It  can  be  demonstrated  by  means  of  experi- 
ments with  a  model  constructed  according  to 
Ewing*s  hypothesis,  that  this  hypothesis  comes 
nearer  than  any  which  had  been  proposed  licfore 
in  explaining  the  following  effects: 

(I.)  The  behavior  of  a  piece  of  iron  when 
placed  in  a  magnetic  field  whose  strength  is  made 
to  pass  through  a  cycle  of  changes. 

(2.)  That  nearly  all  reversals  of  sign  on  the 
change  of  the  magnetizing  force  arc  accompanied 
by  small  changes  in  the  magnetization, 

(3.)  That  apiece  of  iron  submitted  to  ribra- 
tioiis  or  mechanical  shocks,  is  magnetized  and 
demagnetized  more  readily  and  with  a  smaller 
hy5teresial  area  than  if  it  had  remained  undis- 
turl)ed  by  vibrations. 

(4)  The  phenomenon  of  **time  lag'^inmag-' 
net)  za  lion.  \ 

(5, )  The  phenomena  of  stress,  both  those  which 
occur  when  a  body  has  first  been  placed  in  a 
magnetic  field  and  the  stress  made  to  vary,  and 
those  which  occur  when  a  body  is  first  placed  in 
a  constant  stress  and  the  magnetizing  force  is 
made  to  vary, 

(6.)  The  effects  of  heat  on  magnetization,  both 
as  regards  the  effect  of  comparatively  low  heating 
on  increase  of  magnetic  susceptibility,   and  the 
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efibct  of  exces&iv€  heating  to  decrease  the  sus-  and  that*  therefore*  ihe  subsUnce  cm  posKK  no 

ceptibility.  magnetic  properties  so  far  as  external  actkm  u 

The  author  is  indebted  for  the  above  sunimarj  concerned, 

of  demonstrable  facts  to  a  paper  rccenliy  read  be*  •      •      « 

lore  the  EUcirical  Sf^Utm  a/  the  Fra$*kJm  Insii-  II    I  III    ||    ||    11    II    If    II    11 

iuU.  by  ProL  Henry  Crew.  !  !  1  H !!  !  j      H;!!!  ll  H  i 

Mifni<^t«iii,  PIbx  ar  Flcrw  4>f The  /^^,  ^s^.   cu»td  o^upm^t.                   J 

quantity  of    magnetism,  or   the  number  of  ■ 

!;*-„  «*  I. u'  u                                       »'  (XJ  That  the  act  of  marnetization  oamistg  m    ■ 

lines  of  force   which    pass  m  any  magnetic  7  '                  ,   ,          ,      *       .             ,     -        ■ 

.          ,           .                                       ^  such  a  rotation  of  the  molecules  thai  a  pMrnntg*    m 

arcuit  under  a  pvcn  marneio-motive  force,  ,.        ,,         *,          .      a   ^  j,      ..-l      ■ 

^               "  //£w   of  the   substance  is   elfected— that  is,  ihA 

against  a  given  magnetic  reluctance.  „oU=cules  «e  rotated  on  their  ^*  so  that  one  «t 

illjgneUsm,  tialvano A  term  some-  oi  pale*  tend  to  point  in  one  direction  and  tke    M 

times  used  for  eJectio-magnetisni.  "'•'='■  «'  "^  P^'^  '"  i^*  opposite  direction.             V 

ElectTCmagMtism   is    by    &r    the  preferable  Pa.  tial  magnetization  consirts  in  partial  poiari- 

te™.«Kl  18  almost  uni^ersallynscd  in  the  United  "''''"•    Magnetic  »hir»uc«  »  reached  when  tlx 

„  polarization  is  complete*     (See  Aa/Mra/f#«,  Am^* 

mttffnetism.   Horizontal     Component   of  C^^^nV^ /^r^^  is  the  resistance  the  body  ofei 

Earth's (Sec  Component,  HorizoniaK  to  the  polaritatwm  or  roUtion  of  iu  molecula. 

of  Earth*s  Magneiism)  (See  Fartf,  Ct>€rdve.) 

MtgDl^tlsm«  eojlies*  Theory  of A  ^^"»^*^^^'  hypothesis  of  magnetism  would  Hh 

1                           1    1  I.     TT      ^      .                 «  f  pear  to  be  strengthened  by  the  fbUowintf  tacts; 

theor>^  propounded  by  Hughes  10  account  for  ^  ^^.^  ^  bar  of  steel  or  iron  is  sensibly  dongaicd 

the  phenomma  of  magnetism  apart  from  the  ^^  ^.^^  n^aijQeti^ed.    This  would  naturally  re 

presence  of  clectnc  currents.  3^,^  jf  ^^^  mc^lecules  be  supposed  to  be  longer  ia 

Hughes'  theory »  or,  more  strictly  speakings  one  direction  than  in  any  other. 

hypothesis  of  magnetisin,  though  very  similar  to  (3.)  A  tube,  furnished  at  its  ends  with  pUtei  of  | 

that  of  Amp-£rc^  does  not  assume  the  improbable  flat  glass  and  £lled  with  water  containing  fioety 

condition  of  a  constantly  flowing  electric  current,  divided  magiietic  ojcidc  of  iron,  is  nearly  opaque 

Hughes' hypothesis  assumes:  tolightwhen  un magnetized,  but  wiU  permit  lome      _ 

(i,J  That  the  molecules  of  matter,  and,  per-  light  to  pass  through  it  when  magnetised.               J 

haps^  more  probably,  the  atoms,  possess  nattirally  (3.)  A  magoet,  it  cut  at  its  neutral  point,  will  J 

opposite  magnetic  pobriti^,  which  are  respect-  poasesi  opposite  polarities  at  the  cut  ends;  azwi,  H 

ivdy  +  and  — ,  or  N  and  S,  no  matter  to  what  extent  this  subdivision  is  car-  ™ 

(2.)  That  these  molecules,  when  arranged  in  ried,  the  partklea  will  still  possess  opposite  polar 

dosed  chains   or  circuits,  are  capable  of  neutral-  ities.                                                                               ~ 

izing  one  another  so  far  as  external  action  is  con-  These  facts  are,  bowever,  also  explained  by 

cemed.  Ampc^re's  hypothesis  of  magnetism,  with,  bow- 

k.  •  n     s  n    9  ever,  the  improbable  assumption  of  a  constantlir 

*          ti^*^  ^^  ^^  "IL*  flowing  current  in  each  molecule. 

^^                                V  ^^^  following  experiment  by  Von  Bestz  tendi  j 

*#                                             »f^  somewhat  to  confirm  Hughes*  hypothesis: 

H                                               I  He  placed  a  powerful  borseshoe  magnet  in  a 

nl                                                f-  solution  of  iron  and  deposited  a  bar  nr  pUte  of 

*\                                           /^  metallic  iron  between  the  poles  by  elecinolysift. 

"^^                            /»  Here  the  molecules,  at  the  timeoi  their  dcpoit^ 

It  p^  T"^  T*^  *  ^^°"'  ^^'^  subjected  to  a  polarising  force  which 

tended  io  place  Uiem  all  in  the  asae  diredioo^ 

Ffff.jSi.    CUtd  Molfcniar  ckaim,  ^^  ^  ^^^  solution  from  which  they  were  ob. 

Two   such    arrangements    or  groupings  are  tained  permitted  great  freedooi  of  motion,  they 

shown  in  Figs.  381  and  382.     It  will  be  observed  were  all  presumably  deposited  in  lines  parallel  to 

that  the  magnetic  chain  or  circuit  is  complete,  one  another.     When  this  bar  of  iron  wa«  subsa 
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Eadrnf»etl>edltwailoimd  toUiiioth  more 
werful  Ld  compiinaon  to  its  size  thmn  any  other 
ignct. 
Mr.  Shelibiii  Bidwdl  bas  shown  that  the  act  of 
igQCtitatiOQ  produces  a  shortcaing  rather  than 
lengthening  of  the  magnetizable  material. 
when  the  magnetization  is  moderate  there  is  a 
true  lengthening  of  the  material,  but  when  a 
more  powerful  magnetizing  force  is  exerted  a 
true  contraction  or  shortening  is  obserred. 
M 

L 


m 


BidweQ  apparatus  is  shown  in  Fig»  383, 
he  bar  of  iron  to  be  magnetized  is  shown  at 
,  R.  The  magnetization  is  obtained  by  means  of 
be  coil  of  wire  C.  The  upper  end  of  the  h^ 
presses  against  the  rod  L,  fukrumed  at  F*  The 
ither  end  of  the  bar  bears  against  a  pivoted 
mirror  M,  from  which  a  spot  of  light  is  reflected. 
In  the  case  of  the  magnetization  of  nickel,  the 
experiments  of  Bvdwell  showed  the  existence  of 
«oD traction  for  both  weak  and  strong  currents. 
This  contraction  u  much  greater  than  in  the  case 
firon. 

Mag^netism,  Lamellar   Blstrlbation    of 

'   ^The  distribution  of    magnetism    in 

»agnetic  shells, 

A  term  sometimes  applied  to  such  a  dis- 
tributioii  of  magnetism  in  a  plate,  that  the 
wagnetiied  particles  are  arranged  with  their 
greatest  length  in  the  direction  of  the  thick- 
ness  of  the  plate,  so  that  the  poles  are  situ* 
aied  at  the  faces  of  the  plate,  and  conse- 
quently the  extent  of  such  polar  surfaces  is 
great  Avhen  compared  with  the  thickness  of 
the  plate. 

The  term  TamdUr  distribution  of  magnettsm  is 
i»ed  in  contradistinction  to  solenoidal  distribotion. 

A  thin  sheet  or  disc  of  magnetized  mat^ial 
wiMte  opposed  extended  Cues  are  of  opposite 


magnetic  polarities,  and  the  extent  of  whose  Mir* 
face  is  very  great  as  compared  with  its  thicknesa, 
is  sometimes  called  a  magnttU  sfull. 

The  field  produced  by  a  magnetic  shell  is  ex- 
actly simitar  to  that  produced  by  a  closed  voltaic 
circuit,  the  edges  of  the  space  inclosed  by  which 
correspond  to  the  edges  of  the  magnetic  shdL 

The  magnetic  intensity,  or  the  number  of  lines 
of  force  per  unit  arex  of  cross-section,  is  equal 
over  all  parts  of  the  surface  of  a  simple  magnetic 
shell. 

A  magnetic  shell  may  be  concetred  as  consist- 
ing of  a  very  great  number  of  short,  straight 
magnetic  necdlesj  placed  side  by  side,  with  their 
north  poles  terminating  at  one  of  the  faces  of  the 
sheet  and  their  south  poles  at  the  opposite  &ce, 
the  breadth  of  the  sheet  being  very  great  as  com- 
pared with  its  thickness.  Such  a  distribution  of 
magnetism  is  known  as  a  iametlar  (MttrihutUn, 

3f  aarnc^tisiTi,  Residnal ^The  magnet- 
ism rem^iining  in  the  core  of  an  electro-mag- 
net on  the  opening  of  the  magnetizing  cir* 
cuit. 

The  small  amount  of  magnetism  retained 
by  soft  iron  when  removed  from  any  mag- 
netizing field. 

When  hard  iron  or  steel  is  removed  from  a  mag. 
nctizing  field  it  retains  nearly  all  its  magnetism. 
Such  magnetism  is  also,  in  reality^  residua!  mag« 
netism,  but  the  term  is  generally  limited  to  the 
case  of  soft  iron. 

MAgnetisni,  Solenoidal  Dtatiibfitfoii  of 

—A  term  sometimes  applied  to   such 

a  distnbtition  of  magnetism  in  a  bar  that 
the  magnetized  particles  are  arranged  with 
their  poles  in  the  direction  of  the  length  of  the 
bar,  the  ends  of  which  are  of  opposite  mag- 
netic polarities,  and  the  extent  of  whose  sur- 
faces is  small  as  compa**ed  with  the  length 
of  the  bar. 

The  term  solenoidal  distribution  is  used  in  con- 
tra dis tinction  to  lam etlar  d istribution .  (Sec  Stag* 
tultsm^  Lamtllar  Disirihuti<m  0/. ) 

Magnetism,  Strengtli  of -A  term 

sometimes  used  in  the  sense  of  intensity  of 
magnetization.  (See  MagHetisatum^  ImUn^^ 
siif  0/,) 

The  term»  strength  of  magnetism,  is  sometimes 
used  for  flux  or  quantity  of  magnetism* 

Inteniity  of  magnctieatkm,  is  the  prdSermble 
term. 
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Ma^aetistn,  Terrestrial 


-A   name 


applied  to  the  magnetism  of  the  earth. 

Terrestrial  magnetism  has  been  ascribed  to  a 
variety  of  causes.  (Sec  Magnetism^  Earth*i^ 
Thiories  as  to  Cause  of, ) 

Sfa^netlHin,    Yerttcal     Component     of 

Earth^a (See    Component,    Vtrticah 

of  Earth* s  Magnetism,) 

Magnetite. — Magnetic  oxide  of  iron,  or 
Fc3  Oi,  found  in  nature,  as  an  ore  or  mineral. 

Lode-stone  consists  of  pieces  of  maignetiied 
magnetite. 

Magnetizable, — Capable  of  being  magnet- 
ized after  the  manner  of  a  paramagnetic  sub- 
stance Uke  iron. 

The  most  magnetiiabk  metals  arc  iron,  nickel, 
cobalt  and  manganese,     (See  Paramaptetism.) 

Magnetization,— The  act  of  calling  out  or 
of  endowing  with  magnetic  properties. 

Magnetiiable  substances  are  magnetized  by 
being  placed  in  magnetic  fields.  (See  Field,  Ma^- 
$uti£.     Aliignciitatwn^  Methods  of, ) 

The  act  of  initial  magnetization  is  aot  exactly 
the  same  as  the  act  of  subsequent  magnetiiation. 

A  piece  of  stecK  which  has  once  been  magnet- 
ized and  subsequently  demagnetized,  is  a  thing  en- 
tirely distinct,  as  regards  its  magnetization,  from 
a  piece  of  steel  which  has  never  before  been  mag- 
netiied,  and  such  a  piece  can  never  he  placed  ex- 
actly in  the  same  position  as  regards  a  magnet- 
iiing  forcep  unless  it  is  actually  melted  ^v^^  recast, 
or»  perhaps,  maintained  £or  a  comparatively  long 
time  at  a  white  heat. 

Mifnetization,    Anomalons —The 

magnetization  obtained  from  an  oscillatory 
discharge,  such  as  that  of  a  Leyden  jar. 

In  1842,  Henry  described  the  real  character  of 
anomalous  magneu^zation,  and  showed  that  there 
was  nothing  anomalous  in  such  magnetization,  but 
rather  in  the  fact  that  the  magnetizing  currents 
possessed  no  simple  direction.  He  remarks  on 
this  subject  as  follows t 

**This  anomaly^  which  has  remained  so  long 
unexplained,  and  which,  at  first  sight,  appears  at 
variance  with  atl  our  theoretical  ideas  of  the  con- 
nection of  electricity  and  magnetism,  was,  after 
considerable  study,  satisfactordy  referred  to  an 
action  ot  the  discharge  of  a  Leyden  jar  which  had 
never  before  been  recognized.    The  discharge, 


whatever  may  be  its  nature,  U  not  correctly  rep- 
re^nted  {employing  the  simplicity  of  Franklin) 
by  the  single  transfer  of  an  imponderable  fluid 
from  one  side  of  the  jar  to  the  other  ;  the  phe- 
nomena require  us  to  admit  the  existence  of  a 
principal  diijcharge  in  one  direction  and  then 
several  reflex  actions  backward  and  forward,  each 
more  feeble  than  the  preceding,  until  the  equi- 
libtium  is  obtained.  All  the  tacts  are  shown  to 
be  in  accordance  with  the  hypothesis,  and  a  ready 
explanation  is  afforded  by  it  of  a  number  of  phe- 
nomena which  are  to  be  found  in  the  older  work* 
on  electricity,  but  which  have  until  this  time  re- 
mained unexplained.*- 

Magnetization  by  Touch.— The  produc- 
tion of  magnetism  in  a  magnetizable  sub- 
stance by  touching  it  with  a  magnet. 

There  are  three  methods  of  magnetization  by 
touch,  viz.: 

(I.)  Single  touch, 

(2.)  Separate  touch. 

(3.)  Double  touch. 

In  single  touch,  the  magnetisation  of  a  bar  of 
iron  or  other  magnetizable  material  is  cflcctod  by 
the  touch  of  a  single  magnet. 

In  Single  Touch,  the  magnetizing  magnet  is 
drawn  over  the  bar  to  be  magnetized  from  end  \^ 
end  and  returned  through  air,  the  stroke  being 
repeated  a  number  of  times.  The  end  of  the 
bar  the  magnet  leaves  is  magnetized  oppositely 
to  the  magnetizing  pole. 

By  some  writers  the  method  of  single  touch  ts 
described  as  that  effected 
by  placing  the  magnet- 
izing magnet  N  S  (Fig. 
3S4)  on  the  middle  of 
the  bar  to  be  magnetized, 
and  drawing  it  to  the 
end  and  returning 
through  the  air  as  l)e- 
fore,  and  then  reversing 
the  pole,  placing  it  on 
the  middle  of  the  bar 
and  drawing  it  towards  the   other  end.    Tlie 
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former  would,  however,  appear  to  be  the  better 

use  of  the  term  single  touch. 

In  Separate  Touch,  tw*o  magnetizing  bars  ire 
placed  with  their  opposite  polei  at  the  middle 
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'  to  be  magnetised  and  drawn  away  from 
towards  its  ends,  as  shown  in  Ftg. 
his  motion  ts  repeated  a  number  ot  time^. 
i  bdng  each  time  returned  through  the 

I  above,  as  in  all  cases  of  magnetization 
,  better  effects  are  produced,  if  the  bar 


netization  than  the  ordinary  method  of  double 
touch. 

Miignetizatii>n«    Co-efflcient  of A 


f»jS6,    AfagTUiiBoiitM  by  DoubU  Touchy 

Ignetizcd  is  rested  on  the  opposite  poles 
her  magnet,  or»  as  shown  m  Fig.  386, 
lear  them. 

puble  Touch  the  two  magnets  are  placed 
'%t  opposite  poles  together  on  the  middle 
ir  to  be  magnetized,  as  shown  in  Fig* 
hey  are  then  moved  to  one  end  of  the  bar » 
hj/r«i(/  of  rem&ving  them  and  passing  them 
vufh  th^  air  to  the  other  end,  they  are 
iver  the  surface  of  the  bar  to  be  magnet- 
the  other  end,  and  these  lo  and  fro  mo. 
6  repeated  a  number  of  times.  The  mo- 
lopped  at  the  middle  of  the  bar,  when  the 
king  magnets  are  moving  in  the  opposite 
II  to  that  at  which  they  began  to  move, 
lures  an  equal  number  of  strokes  to  the 
ves  of  the  bar.  The  method  of  double 
;>ro<iuces  stronger  magnetization  than 
i  the  other  methods,  but  does  not  eflcct 
I  even  distribution  of  the  magnetism,  and 
t  is  not  applicable  to  the  magnetization 
ks. 

Sety  of  double  touch  is  shown  in  Fig»  387, 
»ur  bars,  to  be  magnetized,  are  placed  in 
n  of  a  hollow  rectangle,  with  only  their 
iching  at  their  edges,  the  angular  spaces 


mers  being  filled  with  pieces  of  soft  iron. 

Bcshoe  magnet  N  S,  i*  then  moved  around 

lit  several  times  in  the  same  direction. 

ilievcd  to  produce  a  more  uniform  mag- 


nymber  rept^sentmg  the  intensity  of  magnet- 
iration  produced  in  a  magnetizable  body, 
divided  by  the  magnetiiing  force  H. 

Calling  k,  the  co  elhcient  of  magnetization  ;  I« 
the  intensity  of  the  resulting  magnetization,  and 
H.  the  magnetizing  force  producing  it,  then 

The  CO- efficient  of  magnetization  is  sometinics 
called  the  magnetic  susceptibility. 

A  paramagnetic  body  when  placed  in  a  mag< 
netic  field  concentrates  the  lines  of  magnetic  force 
on  it,  or  causes  them  to  pass  through  it.  The 
intensity  of  the  magnetization  so  produced  de- 
pends therefore, 

(I,)  On  the  intensity  of  the  magnetizing  field » 

(2.)  On  the  abibty  of  the  metal  to  concentrate 
the  lines  of  force  on  it;  that  i&^  on  the  nature  of 
the  metal,  or  on  its  magnetic  permeability.  (See 
Permeabitity^  Magnetit.  Paramagnetism,  Dia^ 
magmiism, ) 

The  intensity  of  magnetisation  wilt»  therefore, 
be  equal  to  the  product  of  the  co-ef&cient  of  mag* 
netization  and  the  intensity  of  Che  magnetizing 
field.  It  will,  also,  of  course,  depend  on  the  area 
of  cross -section  of  the  magnetized  body. 

The  co-efhcient  of  magnetization  ofparamag- 
netic  bodies  b  said  to  be  positive,  and  that  oi  dia- 
magnetic  bodies  to  be  negative,  because  paramag- 
netic bodies  concentrate  the  lines  of  magnetic 
force  on  them,  while  diamagnetic  bodies  appear 
to  repel  the  lines  of  force.  (See  Paramagnetic, 
Diamagnetic) 

MagnetEsfitloii,  Crltkal  Current  of  - — 

^-The  current  at  which  any  certain  or  definite 
effect  of  magnetization  is  produced. 

Ma^netixiitioii.    Intensity  af  — A 

quantity  showing  the  intensity  of  the  magnet- 
ization produced  in  a  substance. 

A  quantity  showing  the  intensity  with 
which  a  magnetizable  substance  is  mag- 
netized. 

The  intensity  of  magnetization  depends: 

(1.)  On  the  intensity  of  the  magnetizing  field. 

(2.)  On  the  magnetic  permeability,  or  on  the 
conducting  power  of  the  substance  for  lines  of 
magnetic  force. 
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The  greater  the  strength  of  the  magnetuEing 
field,  and  the  greater  the  magnetic  permeability* 
the  greater  is  the  intensity  ol  the  magnetization 
produced. 

When,  therefore,  a  magnetizable  substance  is 
placed  in  a  magnetizing  field,  the  intensity  of  the 
magnetization  will  depend  on  tlie  magnetic  sus- 
ceptibility of  the  substance;  that  is,  on  the  ratio  of 
tlie  induced  magnetization  to  the  magnetizing  force 
producing  it. 

Soft  iron  has  a  high  co*e6&cient  of  magnetization, 
or  its  magnetic  susceptibility  is  high.  (See  Sus. 
€eptMit}\  Magnetic,     AfapufizatwH,  Co -efficient 

The  intensity  of  magnetization  through  a  sub- 
stance is  measured  by  dividing  the  magnetic 
moment  by  the  magnetic  volume. 

If  a  bar  of  soft  iron  Is  placed  with  its  greatest 

length  extending  in  the  direction  of  the  lines  of 

force  in  a  magnetic  field,  it  will  have  induced  in 

it  a  certain  intensity  of  magnetization  which  may 

be  expressed  as  follows: 

ra  ,  1 
Intensity  of  Magnetization  ==  y  .  =  k  H, 

where  m»  equals  the  strength  of  the  magnet  j  1,  its 
length  ;  k»  the  co-efficicnt  of  magnetization,  and 
H,  the  rntensity  of  the  magnetizing  field. — (5.  P. 
Thompson.) 

**  The  moment  of  a  magnet,  or  of  any  clement 
of  a  magnet,  may  be  considered  numerically  to  be 
made  up  of  two  factors*  one,  its  volume,  and  the 
other  lis  intensity  &/  maputiMation^  or  simply 
its  magnitiiation^  and  hence,  for  a  uoiforroly  mag- 
netized small  linear  needle»  we  may  define  the 
intensity  of  its  magnetization  by  saying  that  it  has 
magnetic  moment  of  unit  volume,'*— {/^iirwiVn^.) 

Magnet izatlfith  Maximnm  ^—  --A  term 
sometimes  used  for  magnetic  saturation. 

Urquhart  states,  as  the  result  of  numerous  ex- 
periments, that  the  number  of  imes  of  magnetic 
force  tbit  usually  pas^  through  a  bar  of  soft  iron 
I  square  centimetre  in  area  of  cross-section,  when 
magnetized  to  a  maximum,  is  equal  to  32,000, 
Ewing  gives  the  number  in  the  particukr  case  of 
a  very  extraordinary  magnetiiation  as  being  equal 
to  45,350  per  square  centimetre  area  of  cross- 
section. 

MajBrnftizntion,  Method!!^  of Mag- 
netization effected  either  by  induction  from 
another  raagnct,  or  by  means  of  induction  by 
an  electric  current. 


The  substance  to  be  magneticeid  IsbroiiglittilD 
a  magnetic  field,  so  that  the  liott  of  MfDdic^ 
force  pass  through  it.  All  methods  of  magiKufl 
izatioQ  may  be  divided  into  methods  of  ntagmtim'  V 
tion  by  timch  and  nuign£tizatUn  by  ihe  eittitit  ■ 
currents     (See  Maputi^xticn  fy  TmatJk*) 

Miif  netlzation,  FtmniMit,  tateMD 

A  tenn  employed  for  the  intenskty  of  I 

a  permanent  magnetization  produ^d  in  hard  I 
steel,  as  distinguiiibed  from  the  magncM 
temporarily  produced  in  soft  iron.    (See  Jfi^ 
n€tisati<m.  Intensity  of  ,) 

Mo^notixatlon,  Tenipurarj,  Inleasltfif 

— The  intensity  of   the  magnet izalioii  , 

temporarily  induced  in  a  bar  of  soft  iron,  as  | 
distinguished  from  permanent  ma^ctaatioa 
induced  in  hard  steel.     (See  Magntiisatim,  j 
Jntensiiy  of.) 

Mn^nethatlon,  Time-Iiif  of —A  la^ 

which  appears  to  exist  between  the  lime  of 
action  of  the  magnetizing  force  and  the  ap- 
pearance of  the  magnetism. 

The  lime  which  must  elapse  in  the  case  of 
a  given  paramagnetic  substance  before  a  mag* 
netizmg  force  can  produce  magnetiaation. 

In  the  opinion  of  some  phjsiidsts  there  fs  no 
such  thing  as  a  true  magnetic  thne-lag,  the  ip> 
parent  time-lag  being  due  entirely  cither  to  hyi- 
teresis  or  to  eddy  currents.  According  to  Cheat 
while  the  magnetizing  force  is  increasing,  It  pr^ 
duces,  in  the  iron,  i  evei  sdyniirected  sur&ce- 
cddy -currents,  which  produce  a  reveled  m 
opposed  magnetizing  force  in  the  more  deeply 
seated  layers  of  the  iron,  the  tiTae-!a|r  bdiifi;  d«e 
to  the  interval  which  is  required  for  these  eddy 
currents  to  die  away  and  thti*  perniit  the  mag- 
netizing lorce  to  prcKiuce  its  full  magnetisation, 

According  to  others,  however*  a  true  time 
lag  does  exist  entirely  apart  fro«n  flie  extstence  ( 
surface- eddy-currents. 

Maitnetize.— To  endow  with  maffnctieS 
properties. 

Magnetized. — Endowed  or  tmpn^sscd  with 

magnetic  properties. 
Miiernetirinf . — Causing  or  producing n^g*' 

netism. 

Magneto-Blasting    MadUiie.-— (See  Jlf«-_ 
chine^  Magnet&^Biasting ,\ 
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fufst^meeirie  Boll.— (Sec  B^.  Mag- 
i^netoETectrlc    Brake.— (See    Brake^ 
hElectrie  CaU-BelL— (Sec  CaU- 

neto-Electrtc  Fa  rail  ic  AppuratiLH.^ 

%watus^  FaradiL\    Magngta-Eiec* 

&to- Electric    Induellon,— (See    ///• 
W,  Magn€i^El€cirii.) 

■Mto-fileetrlc    Maihine,— (See    Ma^ 

a^^to-Rtectric  Medical  Apparatns.^ 
^Apparatus,  MagnetchElectric   Medi- 

Ifiieto-Electricltj.—  (See     EUctticity, 

mtio) 

ynetograph,— The    permanent    record 

^"*  J tl^p  aciion  of  a  self-recording 

(See    M agneiam€t€r ,  St//* 


r  — An    apparatus     ior    the 
tent  of  magnetic  lorce. 


nc  magnetometers  the  mag^netic  force  J3 
i  by  the  torsjon  of  a  wire»  as  in  the  tor* 
Utm€f*     {Sec Baiattcft  QmUmA*s  T^stan,) 


The  magiictofneter  shown  in  Fig.  388^  consists 
of  a  magnetued  bar  suspended  by  two  wires  pass- 
i  ng  over  a  puHey,  ils  shown.  The  magnet  is  held 
by  the  frame  S  S,  provided  with  a  graduated  scaJe 
K.  The  rairror  S,  is  supported  by  a  vertical  post 
attached  to  the  frame^  and  serves  to  reflect  a  scale 
placed  below  a  distant  reading  tciescope.  This 
form  of  magnetometer,  is  called  the  bifilar  mag- 
netometer, and  was  the  one  used  by  Gauss  in  his 
study  of  the  earth's  magnetism. 

A  variety  of  ibrms  have  been  given  to  delicate 
magnetometers.     Some  are  self-recording «     (See 

Magnetometer,  different iml ^— A  form 

of  magnet o meter  m  which  the  principles  of  the 
differential  galvanometer,  as  applied  to  the 
electric  circuity  are  applied  to  the  nnagnetic 
circuit. 

The  differential  magnetometer  of  Eickemeyer  is 
shown  m  Figs.  3S9  and  3*^  Its  prindples  of 
operation  will  be  understood  trom  the  following 
consideratiomi. 

Referring  to  Fig.  389.  Suppose  F  j  and  Fj  are 
two  electromotive  forces  connected  in  seriei,  and 
%  and  y,  two  resistances  to  be  compared,  £*ch  of 
the  resistances  x  and  y^  is  shunned  respectively  by 
two  conductors  a  and  b,  whose  resistance  we 
wish  to  compare.  Since  the  action  of  each  of 
them  on  the  galvanometer  G,  is  opposite,  its  nee- 
dle remains  at  zero,  when  the  current  in  a,  is 
equal  to  the  current  in  b. 

If,  instea«l  of  electric  circuit,  we  take  the  idea 
of  magnetic  circuit  or  the  number  of  lines  of 
magnetic  force,  and  instead  of  potential  diEerencc, 
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inafDcito -motive  force,  and  instead  of  electrk  re- 
ststance,  magnetic  resistance,  we  have  the  prind* 
pies  on  which  the  Eickemeyer  differential  magnet- 
ometer is  founded. 

The  magnetic  circuit  of  the  differentia!  magnet- 
ometer cop»ift»  of  two  picoet  ot  soft  iron,  shaped 
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as  shown  at  Fj  and  F,,  Fig.  390.  A  magnetic 
coJ  C;  surrounds  the  middle  portion  of  each  cir- 
cuit as  shown.  The  operation  as  descrit>ed  by 
Mr.  Chas.  Steinmetz,  from  whom  the  above  de- 
scription is  mainly  taken,  is  as  follows,  vix. :  ♦*  The 
front  part  Sj  of  the  left  iron  piece  becomes  soutli, 
and  the  back  part  n^  north  polarity;  the  Iront 
part  oi  the  right  iron  piece  n,  becomes  north,  and 
the  back  part  south;  and  the  lines  of  magnetic 
force  travd  in  the  front  from  the  right  to  the  left. 
from  n,  to  s^ ;  in  the  back  the  opposite  way,  from 
the  left  to  the  right,  or  from  n,  to  S;,  either 
through  the  air,  or,  when  n^  and  s^*  or  nj  and  s,, 
are  connected  by  a  piece  of  magnetixablc  metal, 
through  this  and  through  the  air, 

In  the  middle  of  the  coil  C>  stands  a  small  soft 
iron  needle  with  an  aluminum  indicator,  which 
plays  over  a  scale  K,  and  is  held  in  a  vertical 
position  by  the  tines  of  magnetic  force  of  the  coil 
C,  itself,  deflected  to  the  left  by  the  lines  of  mag* 
netic  force  traversing  the  front  part  of  the  instru- 
ment from  n,  to  Sj,  deflected  Xo  the  right  by  the 
lines  traversing  the  back  from  n^  to  s,.  This 
needle  shows  by  its  zero  position  that  the  mag- 
netic flow  through  the  air  in  front  from  n^  to  Sj 
has  the  same  strength  as  the  magnetic  flow  in  the 
back  from  nj  to  s«  through  the  air. 

Now  we  put  a  piece  of  soft  iron  x  on  the  firont 
of  the  instniment.  A  large  number  of  lines  go 
tlirough  X,  less  through  the  air  from  n^  to  Sj ;  but 
all  these  lines  go  from  n|  to  s,  through  the  air 
at  tlie  back  part  of  the  magnetometer,  the  front 
part  and  back  part  of  the  instrument  being  con- 
nected in  series  in  the  magnetic  circuit.  There- 
fore the  needle  is  deflected  to  the  right  by  the 
magnetic  Bow  in  the  back  of  the  instrument. 

Now,  we  put  another  piece  of  iron,  y,  on  the 
back  part  of  the  instrument,  then  equilibriuni 
would  be  restored  as  soon  as  the  same  number  of 
lines  of  magnetic  force  go  through  x,  as  through 
y,  because  then  also  the  same  number  of  lines  go 
througli  air  in  the  front  as  in  the  back.  As  will 
be  noted,  tlic  air  here  takes  the  place  of  the  resist- 
ances a  and  b,  influencing  the  galvanometer 
needle  G,  as  in  the  diagram  Fig,  389, 

The  operation  of  the  instrument  is  exceedingly 
simple  and  is  as  follows  :  Into  the  coil  C,  an  elec- 
tric ciirrcnt  is  sent  which  is  measured  by  the  am- 
meter A,  and  regulated  by  the  resistance-switch 
K.  Then  the  needle,  which  before  had  no  fixed 
position,  points  to  zero. 

Now,  we  lay  the  piece  of  iron,  the  magnetic 
properties  of  which  we  want  to  determine,  on  the 


back  part  of  the  instrument.  The  needle  ls  de* 
fleeted  to  the  left.  On  the  front  of  the  instrumeot 
we  put  Norway  iron  rods  of  known  cross- section 
and  known  conductivity,  until  equilibrium  is 
again  restored.  Then  the  iron  in  the  front  has 
the  same  magnetic  resistance  as  the  iron  in  the 
back^  and  the  ratio  of  the  cross- sections  gives 
directly  the  ratio  of  the  conductivities ;  so  thtt 
by  a  single  reading  the  magnetic  conductivity  of 
any  piece  of  iron  can  be  compared  with  that  of 
the  Norway  iron  standard. 

For  absolute  determinations,  the  iron  Is  tttrned 
off  into  pieces  of  exactly  4  square  centimetKS 
crosS'Section  and  20  centimetres  in  length,  bolii 
ends  fitting  into  holes  in  large  blocks  of  Norway 
iron,  which  are  laid  against  the  pole  pieces  of  the 
magnetometer,  so  that  the  transient  rcsislaiwe 
from  pole  face  to  iron  is  eliminated. 
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Fag^,  J90.    Eicktmtytf^i  Dijfrrentiai  M*igm*UmiUf, 

Ma^m^tometer,  Self-Recording  ^ A 

self-recording  apparatus,  by  means  of  which 
the  daily  and  hourly  variations  of  magnetic 
needles  in  the  earth's  field,  at  any  locality  are 
continuously  registered. 

The  self  recording  magnetometer  employed  in 
the  observatory  at  Kew,  consists  essentially  ol 
means  of  obtaining  a  photographic  record  of 
spot  of  light  reflected  from  a  mirror,  attached 
the  needle  whose  variations  are  to  be  recorded. 
The  photographic  record  is  received  on  »  strip  oi 
sensitized  paper,  maintained  m  uniform  and  con- 
tinuous motion  by  means  of  suitable  clock-work* 
The  record  so  obtained  is  called  a  magneto* 
graph. 

Mag>iieto-MotiTe     Farcis,  — (See     />r«^ 
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^_    Mj^rneto-MatiTe  Farce»  Absolute  Unit  of 

^»-^  — (See  Force,  Magmto^Motive ,  Absa* 
H|b//  Unit  of) 

^B  Hagaelo-HotlTe  Force*  FractkAl  Unit  of 
^K^  — (See  Force ^  Magncio-Moiivt^  Prac- 
^mcal  Unit  of,) 

^r    Magneto^ptic  Eotatioiu— (See  Rotation^ 

Magmio^ptic) 
^H  Magnetophone. — A  species  of  magnetic 
^Btren  tn  which  sounds  are  produced  in  an 
clectxD-magTietic  telephone  by  the  periodic 
currents  produced  in  ks  coils  by  the  rotation 
of  a  perforated  metallic  disc  in  a  magnetic 
field. 

As  the  speed  of  the  disc  mcreascs,  the  pitch  of 
the  note  increases.  The  mpparatua  was  invented 
by  Prof.  Carhart,  in  1883.  A  similar  apparatus 
Is  useful  in  studying  the  distribution  of  the  mag- 
netic  6cld  of  a  dynamo^lectric  machine.  In  this 
caie,  a  smallt  thin  coil  of  insulated  wire  is  held  in 
the  diflcrcnt  regions  around  the  machiDe,  while 
the  telephone  is  held  to  the  ear  of  the  observer. 
Magnetic  leakage,  or  useless  dissipation  of  lines 
of  magnetic  force  outside  the  field  proper  of  the 
machine,  is  at  once  rendered  manifest  by  the 
musical  note  caused  by  variations  in  the  intensity 
of  theBeld. 

Since  the  intensity  of  the  note  heard  will  vary 
according  to  the  intensity  of  the  field,  and  also 
BCOording  to  the  position  In  which  the  coil  is  held, 
fuch  a  coil  becomes  a  mngneiic  expiorrr,  and  by 
its  use  the  distribution  and  varying  intensity  of  an 
irregular  field  can  be  ascertained.  Its  iisc  is 
CspecUlly  advantageous  in  proportionin g  dynamo . 
electric  machines  and  electric  motors.  (See  Ex* 
fiorer,  Majputk. ) 

Magneto-Receptive  Device,— (Sec  Device, 
Magn€fO'  Receptive) 

Hagneto-StAtIc  Current  Meter.  ^  (See 
Meter,  Current,  Magneto-Static.) 

Magneto-Static  Screening.— (Sec  Screen- 
ing, Magneto-Static) 

Magneto-Statics.— (Sec  Statics,  Magneto.) 

Miigneto-Tbi^rapy,— (See  Therapy,  Mag- 
mto.) 

Main  Battery,— (See  Battery,  Main) 

Mai nBattery     Clrcnlt  —  (See    Circuit, 
m-Battery) 


Main,  Electric -The  principal  con- 
ductor in  any  system  of  electric  distribution. 

Main  Feeder.— (See  Feeder,  Standard  or 
Main) 

Main  Fuse. — (See  Fuse,  Main) 

MaiUf  Eouse A  term  employed  in 

a  system  of  multiple  incandescent  lamp  dis- 
tribution for  the  conductor  connecting  the 
house  service  conductors  with  a  centre  of 
distribution,  or  with  a  street  main, 

Mai  n-Llne  Cnt^Oat- (Sec  Cut-Out,  Main- 
Line) 

Main,  Street In  a  system  of  incan- 
descent lamp  distribution  the  conductors  ex- 
tending in  a  system  of  networks  through  the 
streets  from  junction  box  to  junction  box» 
through  which  the  current  is  distributed 
from  the  feeder  ends,  through  cut-outs,  to 
the  district  to  be  lighted,  and  from  which 
ser\'ice  wires  are  taken. 

Main,    Sub A    name     sometimes 

given  to  the  distributing  conductor  that  is 
connected  directly  to  a  main. 

The  branch  nearest  the  main*  (Sec 
Branch) 

Main  Wlre.^(See  Wire,  Main) 

Mains  of  Electric  Eall roads.— The  wires 

or  conductors  used  for  carrying  the  current 
from  the  feeders  through  the  tap  wires  to  the 
trolley  wires. 

Maltc.^A  completion  of  a  circuit. 

MaKte-and-Preak. — The  periodic  alternate 
completion  and  opening  of  a  circuit, 

Make-and'Break«      Automatic  — A 

term  sometimes  employed  for  such  a  combi- 
nation of  contact  points  with  the  armature  of 
any  electro-magnet»  that  the  circuit  is  auto- 
matically made  and  broken  with  great  rapidity. 

An  automatic  make^and -break  is  used  in  most 
forms  of  electric  alarms  in  connection  with  some 
form  of  electric  bell.     (See -*f/jrw,  Electric.) 

It  is  also  used  in  the  Ruhmkorff  indaction  coil 
in  order  to  produce  the  variations  in  the  primary 
circuit     (See  Coil,  Induct hn.) 

Make-Indneed  Cnrrenf,  —  (See  Current, 
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Making    the    Priniarj.— (See    Primary, 
Making  ikt,) 
Miilkt,    Electro-Magnetic    Dental  

—(See  Dental-MalUf,  Electro- Magnet k:\ 

M  a  ng  I  n  Projector. — ( Sec  Projector,  Man  - 
gm,) 

Man- Hale,  Compartment,  of  Conduit 

^A  man-hole  provided  with  suitably  sup- 
ported shelves  or  compartments,  guarded  by 
locked  doors  that  protect  different  cable  sec* 
tions, 

Man-Hole  of  Coudnlt — An  opening  of 
sufficient  size  to  admit  a  man,  communi- 
cating from  the  surface  of  the  roadbed  with 
an  underground  conduit. 

Manipulator,  Bregnet'^ The  send- 
ing instrument  employed  by  Breguet  in  his 
system  of  step-by-step  or  dial  telegraphy. 
(See  Telegraphy,  Step-ffy'Stt-p:) 

Manomet^i. — An  apparatus  for  measnring 
the  tension  or  pressure  of  gases. 

Mamometers  are  either  mercunai  or  metallic. 
MercurJnl  manomelers  are  of  two  classes,  ▼»., 
nmnmncters  with  free  air  and  manometers  with 
compressed  air. 

Manometers  measure  the  presfufc  of  gases 
either  in  atmospheres,  i,  j?.,  in  multiples  or  deci- 
mals of  15  pounds  to  the  square  inch,  or  in  incbes 
of  mercyry. 

Map  or  Chart,  lueli nation A  chart 

or  map  on  which  lines  are  drawn,  showing 
the  lines  of  equal  dip  or  inclination,  or  the 
isoclinic  Imes* 

An  htclinatiiin  chart  ii  shown  in  Fig.  391. 

It  will  be  seen  that  the  magnetic  equator,  or 
line  of  no  dip,  does  not  corrci^pond  with  the  geo- 
graphical equator,  being  generally  north  of  the 
equator  m  the  Eastern  Hemispheire,  and  south  of 
it  m  the  Western.  The  figures  atUchcd  to  the 
lines  indkatie  the  value  of  the  angle  of  dip. 

Map  iir  Chart.,  IfMNtynaiaic —A  map 

of  the  earth  on  a  mercator's  projection,  on 
which  isodynamic  lines  arc  drawn. 

Anisodynamic  chart  is  shown  in  Fig.  392.  It 
will  be  observed  that  the  isodvmtmU  limgi  do  not 
etactly  coincide  with  the  iiotttmic  hms^  since  the 
line  of  least  magnetic  mtensity  does  not  correspond 
with  the  line  of  the  magnetic  equator. 

The  point  of  least  magiutic  intensity  !&  found  at 


about  lat.  ao  degrees  S,.  and  Ion*  35  degrees  W. 
The  point  of  greatest  magnet u  inleniity  is  found 
at  about  lat.  52  degrees  N.  and  loo,  92  degrees 
W. 

Anofter,  though  weaker  pomt  of  mmgnetic  ia> 
tensity,  is  found  in  Siberia.  These  are  diitiii- 
guished  from  the  true  magnetic  poles  by  Cfaetcna 
PoUi  &f  Intenuty. 

The  PeUs  of  Verttrity^  as  detormined  by  the 
dipping  needle ^  and  the  Polet  0/  fntemtity^  as  de- 
termined by  the  needle  ef  i*$allnii0n^  Iherefbte  do 
not  coincide  in  the  Northern  Hemisphrre. 

Map  or    Cluirt,  tj^of »iial —A  terra 

sometimes  used  for  an  isogonk  map  tyr  chart. 

Map  or  Charts   Isogouie A  chart 

on  which  the  isogonal  lines  are  marked. 

Aa  isogonic  map  or  chart  ts  sometitnes  called 
a  declinatioa  map  or  chart 

In  the  declination  or  variation  chart,  shoiwn  la 
Fig.  393,  the  region  of  western  docliraation  is  in- 
dicated by  the  shading.  There  is  a  nemarkable 
ova)  patch  in  the  northeastern  part  of  .^a,  la 
which  the  declination  is  west  A  sioiilar  oval  of 
decreased  inclination  is  seen  in  the  Souiheni 
Pacific. 

The  entire  earth  acts  like  a  huge  mngnd  wiik 
south  magnetic  polarity  in  the  Nordiem  Hemw 
sphere. 

li  IS  not  known  wheitker  the  earth  poiMaes  1 
but  a  single  pair  of  magnetk  poles  or  move 
than  a  single  pair.  The  \'ariaiioaa  in  the  dec- 
lination, and  ii\  the  mtensity  of  its  magnecian» 
due  to  Uk:  position  of  the  sun,  aa  wdl  as  the 
marked  magnetic  disturbances  that  accompany 
the  occurrence  of  sun  spots»  would  appear  to  con- 
nect the  earth *s  magnetism  in  some  manner  willi 
the  solar  radiation,  (See  A/agneHsm^  Earth's^ 
Theories  as  to  Cause  of\ ) 

Marine  Galvanometer,— fSee  Gal 
iter.  Marine) 
Mariner'a  Compaaii.— ^bec  Camfau, . 

mtith*) 

Marked  Pole  of  Maf  net— (See  Magnet, 
Marked  Pole  of.) 

Markers.— Colored  flags,  or  signal  lights, 
generally  green,  displayed  in  systems  ol 
block  railway  signaling  at  the  ends  ol 
trains,  in  order  to  avoid  accidems  from  trams 
breaking  m  two.  (See  Raiir^mdi,  Bkcir 
System  far.) 
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Mass. — The  quantity  of  matter  contained 
in  a  body. 

Mass  must  be  carefiilly  distinguished  from 
Wfighi,  The  weight  of  a  given  quantity  of 
matter  depends  on  the  attraction  which  the  earth 
possesses  for  it,  and  this,  on  the  earth's  surface, 
varies  with  the  latitude,  being  greatest  at  the 
poles  and  least  at  the  equator.  It  also  varies 
with  different  elevations  above  the  level  of  the  sea. 
Thewfljj,  however,  is  the  same  under  all  circum- 
stances, whether  for  dificreDt  latitudes  or  alti- 
tudcSt  on  the  earth  *s  suri&ce. 

Mass  Attraction.— (See  Attraciian,  Mass) 

Mass,  Mag-netic — A  quantity  of  mag- 
netism which  at  unit  distance  produces  an 
action  equal  to  unit  force. 

MflSHf  Unit  of  * --The  quantity  of  mat- 
ter which  under  certain  conditions  will  balance 
Ihe  weight  of  a  standard  gramme  or  pound. 

The  gramme  is  equal  to  the  one-thousandth 
part  of  a  piece  of  pbitinumcailnl  the  kilogramme, 
deposited  as  a  standard  in  the  archives  of  the^ 
French  Government,  and  intended  to  be  equal  to 
the  mass  of  i  cubic  centimetre  of  water  at  the  tem- 
perature of  its  maximum  density. 

lfA«iMige.^ — A  treatment  for  the  purpose 
of  effecting  changes  in  general  nutrition  or 
action  of  particular  parts  of  the  body*  by 
kneading,  rubbing,  friction,  etc. 

Massage,  Electro — The  application 

of  electricity  to  the  body  during  its  massage. 

Connections  are  established  be tu'een  the  patient 
and  a  battery  by  connecting  one  electrode  of  a 
source  to  the  kneading  instrument,  and  the  other 
electrode  to  the  body  of  the  patient. 

Masses,  Eloetrtc —A   mathematical 

conception  for  such  quantities  uf  electricity 
as  at  unit  distance  will  produce  an  attrac- 
tion or  repulsion  equal  to  unit  force. 

Electrical  masses  arc  assumed  to  be  equal  when 
they  prwlucc  on  two  idenb'cal  bodies  of  small 
dimensions  charges  of  the  same  electric  force. 

Master  Clock.-'(Scc  Chck,  Master) 

MateHalfl,  Insiilatitig ^Non-con- 

duciing  substances  which  are  pkccd  around  a 
conductor,  in  order  that  it  may  either  retain 
Ml  electric  charge,  or  permit  the  passage  of 


an  electric  current  through  the  conductor 
without  sensible  leakage. 

Various  gases,  liquids  or  solids  may  be  e«»- 
ploycd  as  insulators.  A  very  high  vacuum  affords 
the  best  known  Insulation. 

Matter.^Anything  which  occupies  space  in 
three  directions  and  pnr\^nts other  matter  from 
simultaneously  occupying  the  same  space. 

Matter  is  composed  of  atoms,  which  unite  to 
ionn  moiecuits,     (See  w4/<my.     Moifcui^,) 

Matter,  Elementary —Matter which 

cannot  be  decomposed  into  simpler  m.itlen 

Varieties  of  elementary  matter  are  called 
tlemenis.     (See  EUment, ) 

Matter,    Ktnetlc     Theory    of ^A 

theor)^  which  assumes  that  the  molecules  of 
matter  are  in  a  constant  stale  of  motion  or 
vibration  towards  or  from  one  another  in 
paths  that  lie  within  the  spheres  of  their 
mutual  attractions  or  repulsions. 

The  molecules  of  gases  have  great  Creed( 
of  motion,  and  are  so  far  removed  from 
another  as  to  be  but  little,  if  any.  Influenced 
their  mutual  attractions.  They  are  theref< 
assumed  to  move  in  straight  imes  with  very 
velocity  until  they  collide  against  one  another, 
against  the  sides  of  the  containing  vessel,  when 
they  are  reflected  and  again  move  in  straight  lines 
in  a  new  path. 

Matter,  Radiant,  or  intra'Oa;»eotti} 

— A  term  proposed  by  Crookes  for  the 
peculiar  condition  of  the  gaseous  matter  which 
constitutes  the  residual  atmospheres  of  high 
vacua. 

This  is  noMT  generally  recognized  as  a  fourth 
state  of  matteri  these  four  states  being: 

(1.)  Solid. 

(2,)  Liquid. 

{3.)  Gaseous. 

(4.)  Ultra- gaseous  or  radiant. 

The  peculiar  properties  of  radiant  matter  are 
seen  in  the   mechanical  effects  of  the  locali: 
pressures   produced  when  such   residual   atm* 
pheres  are  locally  heated  or  electrified. 

Tn  Croaki's^  radiamftrr^  vanes  of  mica,  siWcrrd 
on  <iVk^  face  and  covered  with  lamptkLack  on  the 
opposite  face,  arc  supported  on  a  vertical  axis  » 
as  to  be  capable  of  rotation  and  placed  in  a  glass 
vessel  in  which  a  hi^h  vaatum  is  maintained.     On 
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1^  Ifhc  instrument  to  the  radiation  from  a 
jr  gAs  flaiae,  a  laptd  rotatioii  takes  place. 
\diomet€r^  Grooves \) 

^pUnatioQ  is  as  folJows :  The  lampblack 
,  SMriices  absorb  the  radiant  heat,  and  be- 
heated,  the  molecules  of  gas  in  the  residual 
tiere  are  shot  violently  from  them,  and  by 
faction  drive  the  vanes  around  in  the 
sdiirectsoa  to  that  from  which  they  are 
ojf*  The  molecules  are  also  shot  off  frum 
Sffcd  surfaces,  but,  as  these  are  cooler,  the 
not  as  great  as  at  the  blackened  surface*^, 
jas,  at  ordinary  pressure,  the  heated  sur- 
calso  bombaj-ded  by  other  mt)leculi:s  of 
but  ia  high  vacua  the  m«:^i  free  patli  of 
ecutes  is  so  great  that  there  is  no  intcrfcr- 
Craffl'fs'  layer  cxi>ting  bctweci  the  vanes 
?  walls  of  I  he  glass  vcsscL     ^See  Layer^ 

'.) 

\  a  Crookes'  tube  is  furnished  with  suit- 
ctfodc%  and  electric  discharges  are  aent 
I  it  between  these  electro Jes,  a  stream  of 
es  is  thrown  ofif  in  slralght  lines  from  the 
of  the  tugalive  eUdradf. 
ofthecflTcctS  of  this  molecular  bomhard- 
e  seen  by  Oie  use  of  the  appanius  sltosvti 
394,    WbciL  the  positive  aod  negatiipe 


and  proceed  there&om  in  straight  fimes,  inde- 
pendently ol  the  positioa  of  the  positive  eledrode. 
Since,  therefore,  the  negative  electrode  at  a,  is  in 
the  shape  of  a  concave  mirror^  the  luminote 
particles  converge  to  a  focus  near  the  centre  of 
the  glass  vessel,  and  then  diverge  to  the  ojjposite 
wall. 

Refractory  substances  placed  at  such  k  focus  &/ 
mo/troiiar  b0mbardmenty  as  shown  in  Fig.  395,  are 
rendered  incandescent^ 

In  a  similar  manner,  phosphorcsceivt  substances 
ex^xysed  to  such  molecular  streams  emit  a  beauti- 
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,  ^^4*    ^$cU  ^  MsUcuiar  Brntbardmunt. 

H  are  arranged  as  shown,  the  paliis  of  the 
ar  streams  are  9e«n  as  luminous  streams 
Urecliotia  are  those  shown  in  the  ft^urcs. 
igure  on  the  lefl  fthovvs  the  path  taken  in 
wamm.  Streams  pass  from  tlie  negative 
le  to  «Kk  of  ih€  pQxitwe  gUctrodes^ 
igure  on  the  right  shows  the  discharge  in 
^mtmmm.  Here  the  streams  pass  of!  at 
t  to  the  face  of  the  negative  electrode, 


ful  phosphorescent  light.     (See   F%oip\oreic€me^ 
EU€tru.) 

Hatter,  TTlDmson^s  njiwthesfs  of - 


A  hypothesis  as  to  the  stroclure  of  matter 
suggested  by  Sir  Williain  Thomson,  in  order 
to  show  how  the  extremely  tenuous  ether 
might  possess  rigidity. 

The  ^ct  that  the  ether,  although  a  fluid  sub- 
stance, p*>s5es5cs  the  properties  of  a  ri^id  solid, 
has  given  no  little  trouble  to  physicist:}.  Thomson 
explains  this  rigidity  of  the  ether  as  being  due  to 
a  rapid  motion  in  tts  fluid  particles. 

A  perfectly  flexible  rublicr  tube  filled  with 
water  or  other  fluid,  possesses,  when  at  r&st»  a 
very  great  degree  of  flexibiKty,  ^Tien  in  mo- 
tion, however,  the  tube  becomes  more  and  more 
rigidf  as  the  flow  increases  In  rapidity*    Tbom 
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son  imAgines  the  ether  to  be  »ct  in  motbn  in 
minute  vortex  ringi^  and  shows  Ibat  a  readily 
movable  fluid  body,  bke  ether,  once*  set  in  such 
motion  should  j^osscss  the  pnjpertics  of  a  solid. 
In  a  perfect  fluid,  such  as  ether,  these  vortex 
rings  once  formed,  would  be  practically  imperish- 
able or  indestructible. 

Thomson  regards  the  atoms  of  matter  as  con* 
fiisting  of  such  vortex  rings.  Vortex  rings  can  be 
formed  in  the  air  by  cutting  a  circular  aperture 
in  the  end  of  a  pasteboard  box,  and  tapping 
sharply  against  the  end  of  the  box.  In  order  to 
render  the  rings  visible,  the  box  may  be  previotisly 
filled  with  smoke. 

Vortex  rings  formed  in  smoky  air  differ  from 
vortex  rmgs  in  the  ether,  in  the  fact  that  air  is 
not  a  perfect  fluid,  while  ether  is.  Air  vortex 
rings  increase  in  size  and  decrease  in  energy. 
Vortex  rings  of  the  ether  would  not  vary  in  size. 

According  to  Thomson*5  vortex  theory  of 
matter,  the  atoms  of  matter  arc  the  same  sls  the 
ether  which  surrounds  them.  They  catmot  be 
produced  in  ether  by  any  known  way;  ihereforet 
they  cannot  be  manufactured,  or,  as  it  were» 
created.  Nor,  oo  the  other  hand,  can  they  be 
destroyed;  in  other  words,  they  are  inJestruct- 
iblc.  They  ar^;  elastic,  capable  of  definite  vibra- 
tions,  possess  alt  the  properties  of  matter  save,  in 
the  opinion  of  some,  the  very  important  prop* 
crty  of  gravitation.  As  Prof-  Lrnlge  points  out, 
the  fact  that  this  property  is  not  present  should 
cause  Sir  William  Thomson's  theory  of  matter  to 
be  accepted  with  considerable  hesitation, 

Mattfite»s€n*!»  Metn>4iramiao  Htmiilarit. 
— (Sec  Metre-Gramme  Stamiard,  Mat  ikies- 

sePt's.) 

Matthiessen's  MUe  Standard.— (See  J//7^ 

Standard,  Matikussen's,) 

Matilrjic,  ltifl«lbl*>  Eloctrle  Floor  

— ^A  malting  or  other  Hoorcuvering,  provided 
wilb  a  serif s  of  electric  contacts,  which  are 
closed  by  the  passage  of  a  person  walking 
over  them. 

This  matting  is  provided  as  an  adjunct  to  a 
system  of  burglar  alarms.  The  electric  bell  or 
annunciator,  connected  with  the  different  con* 
tacts,  isdisconnected  during  the  day-time,  or  while 
the  rooms  are  occupied.    (See  Atarm^  Burgtnr, ) 

Maximum  Maj^nctlzatioa, — (See  Ma^- 
net^aiion,  Maximum,\ 


Mcliitire's  Parallel  Sle^vo  Tele^njililc 
Joint.— (See  foint.  Telegraphic^  Mclntirii 

Parallel  SleeZY.) 
MeASitTemeiits,    El^trle ^Dci«r. 

minations  of  the  values  o*  the  clectramotirc 
force,  resistance,  current,  capacity,  energy, 
etc.,  in  any  electric  circuit. 

Electric  measurements  may  be  either  qualitati?t 
or  [piantitativc. 

In  qualitative  electric  measurements  the  rdt* 
tive  values  only  are  obtained;  in  quantitatiTt 
measurements  the  actiial  values  are  obtained. 

Necltanlcal  Alarm,  Electric (See 

Alarm,  Electro-MechamcaL) 

Meehatileal    Electric    BelL— (Sec  BeU, 
Klectro-Mechanical. ) 
Meeltanieal   Equlralettt  of  Heat— (See 

Heat^  Mechanical  Equiimlent  of.) 

Mechanical  Mine. — (Sec  Mine,  Meek^nt* 
cal) 

BI(!ehaiilcal  TiirowUack  Itidicalor.- 
(See  Indicator t  Mechanical  Thnrjfback,) 

Mfdlnil  Iiidiirltott  Coil— (See  C^itjfi^ 
duct  ton  McdicaL) 

Modlral  MttfirnetO'Elcctrlc  Apparatnjt— 
(See  Apparatus,  Magneto-Electric  Mtii* 
caL) 

MedtuiH,  Anisotropic A  medium 

in  which  equal  stresses  do  not  produce  equal 
strains  when  applied  in  different  directions* 

A  medium,  homogeneous  in  structure  tiice 
crystalline  bodies,  but  possessing  different 
powers  of  specific  inductive  capacity  in  differ- 
ent directions. 

,  An  eoloiropic  medium.  (See  Medium, 
Eolatrtfpic) 

The  latter  term  is  used  to  distiiiguiih  it  from 
an  isotropic  medium.     (Sec  Medium^  liHnpic] 

Medium,  £o1atro|>lc A  medium 

in  which  equal  stresses  do  not  produce  the 
same  strains  when  applied  in  different  direc- 
tions,    (See  Medium^  Isotropic) 

Medium,   Elect ro-Mairn^tlc Anr 

meiiiuni  in  which  eIectro*magnetic  phenom- 
ena occur. 

The  mcdmm  through  which  elcctro-m^gnctic 
waves   aie  propagated  is  now  untversally  I^ 


yarded  as  the  luminiferous  or  universal  ether. 
(See  EUctridty,  Hertz's  Theory  of  EUctro-Mag- 
netic  RadiaH(mi  or  IVax'ts.) 


Hedinm*  I»otrople 


— A  mcdiym  in 
hich  equal  stresses  applied  in  any  direction 
produce  equal  strains. 

A  transparent  medium  which  possesses  the 
same  optical  or  electric  properties  in  all  di- 
rections. 
An    optically    homogeneous,    transparent 

■medium. 
Such  media  are  called  isotropic  to  distinguish 
them  from  anisotropic  or  eolotroptc,  or  those  in 
which  equal  stresses  produce  unequal  strains  in 

•difierent  directions.     (See  Medium^  Ams9tropic, 
Medium^  Eohtropk*) 

Meg  or  Mega  (as  a  prefix)*— i,ocx>*ooo 
times ;  as,  megohm,  1,000,000  ohms  ;  mega- 
volt,  1 ,000,000  volts. 

H  Megalo§cope«  Electric -An  appara- 
tus for  the  medical  exploration  of  the  cavities 
of  the  body. 

The  light  necessary  for  exploration  is  obtained 
from  a  small  incandescent  lamp  placed  at  the 
extremity  of  a  tube,  suitably  shaped  for  introduc- 
tion into  the  special  organ  for  which  it  is  devised. 
The  organ  so  illuoiincd  throws  its  light  on  a 
prism,  by  means  of  which  the  light  is  caused  to 
pass  through  a  series  of  lenses  by  which  it  is 
viewed. 

M€ig«T<ilt— 1,000,000  volts. 

Megohm. — 1,000,000  ohms. 

Meldlnger  Voltaic  Cell.— (See  Cell,  VoU 
iatc,  Meidinger,) 

Memory,  Magnetic ^A  term  pro- 
posed by  J.  A.  Fleming  for  coercive  force. 

Soft  iron  has  but  a  feeble  memory  of  its  past 
Qiagnetization. 

^P    Mercurial  Connection,— (See  Conmciion, 
^^i^fercu  ria  L) 

Mercurial  Contact.  —  (See  Connection, 
MtrcuriaL) 

Merenrlal  Temperature  Alarm.— (See 
^tarm^  Mercurial  Temperature,) 

Mercury  Break.— (Sec  Break,  Mercury:) 

Mercnry  Cofi.- (See  Cup,  Mercury.) 


Meridian,  Astrononileat ^A  great 

circle  passing  through  any  point  in  the 
heavens,  and  the  North  and  South  poles  of 
the  heavens. 

The  astronomical  meridian  corresponds  to  the 
geographical  meridian.  The  former  is  considered 
as  passing  around  the  dome  of  the  heavens;  the 
latter,  around  the  surface  of  the  earth.  In  order 
to  locate  any  point  in  the  heavens,  a  great  circle 
of  the  heavens  is  caused  to  pass  through  that  point 
and  through  the  astronomical  North  and  South 
poles. 

Meridian,  freo^ra|ihical The  geo- 
graphical meridian  of  a  place  is  a  great  circle 
passing  through  that  place  and  the  North  and 
South  geographical  poles  of  the  earth. 

Merlillaii,  Magnetic The  magnetic 

meridian  of  any  place  15  the  meridian  which 
passes  through  the  poles  of  a  magnetic  needle 
at  that  place  when  in  a  position  of  rest  under 
the  free  influence  of  the  earth's  magnetism. 

The/Ajrt^  o/the  magnetic  meridian  at  any  place 
is  a  vertical  plane  passing  through  the  poles  of  a 
magnetic  needle  in  a  position  of  rest  under  the 
free  influence  of  the  earth  *s  magnetism  at  that 
place. 

The  magnetic  meridian  may  be  regarded  as  the 
vertical  plane  in  which  a  freely  suspended  mag- 
netic needle  comes  to  rest  in  the  earth's  magnetic 
ticld. 

Meridional*— 'Pertaining  to  the  meridian. 
Message  Wire,— (See  Wire,  Message.) 
Mcawenger  Call,— (See  Caii,  Messenger) 
Moiallic  Arc.— (See  Arc,  Meiailic) 
Metallic   Circuit,— (See   Circuii,  Metai- 
iic.) 

Metallic  Coating.— (See  Coating,  Metal- 
lie) 

Metallic  Conducting  Joint- (See/i?i«/, 

Metallic  Conducting) 

Metallic  Contact.— (See  Contact,  Metal- 
lic) 

Metallic  Electric  Conduction.  —  (See 
Conduction,  Electric,  Metallic) 

Metallization. — The  rendering  of  a  non. 
condiicting  surface  electrically  conducting  by 
covering  it  with  a  metallic  coaling,  so  as  to 
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enable  it  to  readily  receive  a  metallk:  coating 
by  electro-plating.     (See  Platit^^  Eieciro,) 

Metallaetironies.  —  A  name  sometimes 
given  to  NoblU's  rings.  (See  Rings,  Na- 
hiii's:} 

MelAlloid.— A  name  fonnerly  applied  to  a 
non*metallic  body,  or  to  a  body  having  only 
some  of  the  properties  of  a  metal,  as  carbon, 
boron,  oxygen,  etc» 

The  tcrtn  is  now  but  little  used. 

Metiillurgy*  Electro That  branch 

of  applied  science  which  relates  to  the  elec- 
trical reduction  or  treatment  of  metals. 

Metallurgical  processes  effected  by  the 
agency  of  electricity. 

Electro -Metallurgy  embraces : 

(i.)  The  reduction  of  metals  from  their  ores, 
either  dirccdy  liuring  fuaioa  by  ihc  heat  of  the 
voltaic  arCf  or  the  heat  of  incandescence,  or  by 
the  electrolysis  of  ftolutioos  of  their  ores,  or  ores 
in  the  fused  sUte.  (See  EUctroiysis,  Fitrnace^ 
EU€tri(,) 

(2.)  Electroplating. 

(3,)  Elcctrotyping. 

The  application  of  electricity  to  the  reduction 
of  metals  is  carried  on  in  the  electric  furnace  for 
the  reduction  of  the  aluminium  ores^  lor  CTcample. 

MoUls,  Electric  Deflagration  of — 

The  volatilization  of  metals  by  electric  in- 
candescence. 

Metals,    Electric    Eeflnfngr   of 

Purifying:  melals  by  means  of  electricity. 

Different  mcdiods  are  employed  for  the  electric 
refining  of  metals.  They  arc  generally  electro- 
lytic in  character. 

Metals^  E]«»etrical  Protection  of 

The  protection  of  a  metal  from  corrosion  by 
placing  it  in  connection  with  another  metal, 
which,  when  exposed  to  the  corroding  liquid, 
vapor  or  gas,  will  form  with  the  metal  to  be 
protected  the  positive  element  of  a  voltaic 
couple. 

The  negative  element  of  a  voltaic  couple  is 
protected  by  the  preiscnce  of  the  positive  element, 
which  is  alone  corroded.  This  method  has  l>cen 
adopted  with  considerable  success  to  electrically 
protect  metaia  from  corrosion. 
The  following  are  examples  of  this  protection  : 
(t.)  Davy   proposed    to    protect    the   copper 


sheathing  of  ships  from  corroaioa  by  attaching 
pieces  of  2iiu:  to  the  copper  sheathing.  Tlos 
succeeded  too  well,  since  the  copper  calt»  wfaidi 
were  formerly  produced,  and  acted  &5  a  poison 
to  the  marine  plants  and  animmls,  being  now 
absent,  permitted  these  organisms  to  thri-ve  to 
such  an  extent  as  to  seriously  foul  the  9hi(i's 
bottom. 

{2.}  A  ring  of  £inc  attached  to  a  lightning  rod. 
near  its  points,  has,  it  is  claimed,  the  power  of 
protecting  the  points  from  corrosion. 

(3,)  Iron  bars  of  railings,  if  sunk  or  cm^bedded 
in  zinc,  are  preserved  from  corrosion  near  the 
junction  of  the  two  metals,  but  if  sunk  tn  lead  are 
rapidly  corroded,  because  iron  is  electro-positife 
to  lead,  but  electro-negative  to  zinc. 

(4.)  Tinned  iron  rapidly  corrodes  or  mtts 
when  the  iron  is  exposed  to  the  atmosphere  by  a 
scratch  or  abrBsioQ,  because  the  iroa  is  electro- 
positive to  tin.  Nickel-plated  iron,  for  the  «aaie 
reason,  rusts  rapidly  on  the  e^tposurc  of  an 
abraded  surface, 

{5,)  Zinced  or  galvanized  iron,  or  iron  oovoned 
with  a  deposit  of  zinc,  is  protected  ^m  eorr^ 
sion  because  the  xinc,  being  positive  to  iron,  can 
alone  be  corroded,  and  the  zinc  is  mlso  protected 
in  piirt  by  the  coating  of  insoluble  oxide  that  ii 
formed. 

MffteorWei.— Aerolites.     (Scse  AtrMUi) 

Meter,     Ampere —(See    Ampht- 

Meier.    AmmHer,) 

Meter,  Carrent A  term  now  ap- 
plied to  an  electric  meter  or  galvanometer 
which  measures  the  current  in  amperes,  as 
distinguished  from  one  which  measures  the 
energy  in  watts. 

This  term  ts  sometimes  looiely  appiicd  '^  -^ 
galvanometer. 

The  term  galvanometer  is  preferable*    (See 

M«^fer,  Cnrrent,  Ma^net^Sliitic A 

current  meter  in  which  a  small  steel  magnet, 
or  system  of  magnets,  is  sospendcd  ai  the 
centre  of  the  uniform  magnetic  field  produced 
by  the  combitied  influence  of  two  coils  and 
two  systems  of  poweriul  permanent  magnets. 

Mf tftr,  Ekctrh; Any  apparatus  for 

measuring  commercially  the  quantity  of  ekc- 
Iricity  that  passes  in  a  given  time  through 

any  consumption  circuit. 


eUJ 


866 


LXeb 


Dectric  meters  are  constmcted   in    a   great 
ty  o£  forms;  they   mxy,   however»   be  ar- 
ed  tinder  the  foUuwia^  heads  i 
)  Electro-Magnetic  MeUts^  or  those  in  which 
current  passing  is  measured  by  the  electro- 
effects  it  produces, 
such  meters  the  entire  current  may  pass 
b  the  meter. 

EU€tr&-Ckemicai  Miters^  or  those  in  which 
it  passing  is  measured  by  the  electroly- 
[position  jl  effects. 
In  these  meters,  a  shunted  portion  only  of  the 
cuiroot  is  ttsuaUy  passed  through  a  solution  ot  a 
letillic  Bltt  and  the  current  strength  calculated 
^nmi  the  amount  of  electrolytic  decomposition 
thus  effected. 

(3, )  Elytra-  Thermal  Meters,  or  those  in  which 
the  cuneot  passing  is  meastired  by  a  movement 
effected  by  the  increase  in  temperature  of  a  resist- 
ince  through  which  the  current  is  passed ,  or  by 
the  aiDount  of  a  liquid  evaporated  by  the  heat 
{cnetTated  by  the  current. 

(4 )  EletirU-  Time  Meters,  or  those  in  which 
DO  attempt  is  made  to  measure  the  currctjt  that 
passes,  but  in  which  a  record  is  kept  oi  the  num. 
ber  of  hours  that  ao  electric  lamp,  motor  or 
other  electro- receptive  device  is  supplied  with 
dtrrcDt. 

Edison's  electric  meter  is  of  the  second  class. 
U  coosiste  of  two  vattameters,  or'electrolytic  cells, 
cmntiJiiInf  tiac  sulphate,  in  which  two  plates  of 
chemically  pure  zitic  are  dipped.  The  current 
I  passes  is  determined  by  the  amount  of  the 
iatioa  in  weight  of  the  zinc  plates.  To  deter- 
nc  this,  the  plates  are  weighed  at  staled  in. 
als :  one  plate  every  month,  the  other  p!ate, 
^hich  is  intended  to  act  as  a  check  on  the  first, 
iy  once  in  three  months.  Some  difficulty  has 
lieeii  experienced  in  the  employment  of  meters  of 
this  class,  from  the  variations  in  the  value  of  the 
shunt  resistance,  due  to  variations  in  the  condi- 
tion and  temperature  of  the  electrolytic  cell. 
The  use  of  a  compensating  resistance,  however, 
has,  it  is  claimed,  removed  this  objection.     (See 


Meier,  Electix^-Ciiemlcal 


-An  elec- 


Mater,    Elee trie-Time An  electric 

xt  in  which  the  current  passing  is  esti- 
mated by  recording  the  number  of  hours  that 
an  electric  lamp  or  other  clcclro-reccptive 
device  is  supplied  with  a  known  current. 
(Sec  Mtier,  EUdric) 


trie  meter  in  which  the  current  passing  is 
measured  by  the  electrolytic  decomposition  it 
effects*     (See  Meter,  Elect ric) 

Meter,  Electro-Miignetic An  elec- 
tric meter  in  which  the  current  passing  is 
measured  by  the  electro*magnetic  effects  it 
produces.     {See  Meter,  Electric) 

Meter,  Electro-Thermal An  elec- 
tric meter  in  which  the  current  passing  is 
measured  by  means  of  the  heat  gcnernled  by 
the  pxHsage  of  the  current  lhrou*^h  a  resist* 
ance.     (See  Meter ^  Electric) 

Meter,  Energy A  terra  sometitnes 

applied  to  a  watt  meter,  (See  Meter, 
IVati.) 

Meter,   Milli-AmpDre An  ampere 

meter  graduated  to  read  milli-ampSres. 

Meter,  Watt — An  instrument  gt*ner- 

ally  consisting  of  a  galvanometer  constmcted 
so  as  to  measure  directly  the  product  oi  the 
current,  and  the  difference  o£  potential 

Since  the  watt  is  equal  to  the  product  of  the 


Pig^.  SQ6.     IVvtt  Meier. 

current  by  the  electromotive  force,  if  the  current 
and  electromotive  force  arc  simultaneously  meas* 
ured,  their  product  gives  directly  t'.ic  watts. 
The  scale  reading  of  a  watt  meter  may  be  grad* 
uated  so  as  to  give  the  watts  directly. 

A  watt  meter  consists  essentially  of  a  thick  wire 
coil,  placed  in  series  in  the  circuit  whose  electric 
power  is  to  t>e   measured,  and  a  thin  wire  coil 
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placed  in  a  shunt  around  the  circuit  to  be  meas- 
ured. These  two  coils,  instead  of  acting  on  a 
needle,  act  on  each  otfier,  and  the  amount  of  this 
deflection  will,  therefore,  be  proportional  to  the 
watts  present. 
A  form  of  watt  meter  is  shown  in  Fig.  396. 

Method,  Defleetion ^A  method  em- 
ployed in  electrical  measurements*  as  distin- 
guished from  the  zero  method,  in  which  a 
deflection,  produced  on  any  instrument  by  a 
given  cunrent,  or  by  a  given  charge,  is  utilized 
for  determining  the  value  of  that  current  or 
charge. 

The  conditions  remaining  the  same,  the  same 
current  or  charge  will  produce  the  same  deflection 
at  any  time*  Difierent  deflections  produced  by 
currents  or  charges,  the  values  of  which  are  un- 
known, are  determined  by  certain  ratios  existing 
between  the  deflections  and  the  currents  or 
charges.  These  ratios  are  determined  ex  peri* 
mentally  by  the  eaHhraiion  of  the  instrument. 
(See  Cafikratf,) 

Deflection  methods  are  opposed  to  MeroornuH 
methods,  in  which  latter  a  balance  of  opposite 
electromotive  forces,  or  a  proportionally  equal 
fail  of  electric  potential,  is  ascertained  by  the 
failure  of  a  deUcately  poised  needle  to  be  moved 
by  a  current  or  a  charge. 

Method,  Null  or  Zero —Any  method 

employed  in  electrical  measurements^  in  which 
the  values  of  the  electromotive  force  in  volts, 
the  resistance  in  ohms,  or  the  current  in  am- 
p^res»  or  other  similar  units,  are  determined 
by  balancing  ihcm  against  equal  values  of  the 
same  units,  and  ascertaining  such  equality,  not 
by  the  deflections  of  the  needle  of  a  galvano- 
meter, or  of  an  eiectrometer,  but  by  the  ab- 
sence of  stich  deflections. 

The  advantage  of  iero  methods  is  iound  in  the 
fact  that  the  galvanometer  or  electrometer  may 
then  be  made  as  sensitive  as  possible,  which  is  not 
otherwise  the  case,  since  threat  deflections  are 
generally  to  be  avoided,  especially  in  tangent 
galvanometers.     (See   Galvanonut^r ,    EUcirom- 

Met)to4  of  Magnetization  by  Toaclip— 
(Sec  Magtutisatwn  by  Touch.) 

MethTen*s  Sereea*— (See  Screen,  Meih^ 

vtns,) 
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Metre  Bridge,— (See  Bri^e,  Metre^ 
Metre  Candle.— (See  CatidU,  Metre) 
Metre-Ctrnmine  Standard,  MnttlLiesseil 

A  unit  of  resistance. 

The  resistance  of  a  wire  one  mctrt  ii 
length,  and  of  such  a  diameter  as  woiild  caus 
the  wire  to  weigh  one  gramme. 

One  metre-gramme  of  pure  hard  drawn  copper 
has  a  resistance  of  .1469  B.  A.  units  at  zerode^ 
grees  C,  as  determined  by  Matthies&en  {FkiU 
Mag,,  May,  1865). 

Metre-Mi lU metre A  resistance un(| 

of  length  of  a  wire  or  other  conductor  of  the 
length  of  one  metre  and  of  the  area  of 
section  of  one  square  mdlimetre. 

According  to  the  report  of  thcCoromtttee 
American  Institute  of  Electrical  Engineers  of  1890, 
on  a  Standard  Wiring  Table,  a  metre- mdlimetre 
of  pure  soft  copper  wire  has  a  resistance  of  .02057 
B,  A.  units  at  zero  degrees  C.  From  ihc  corrc^ 
sponding  term,  milfoot^  millimetre- metre  would 
appear  to  be  the  preferable  term. 

Metric  Horse-Power.— (See  Horu-Pm  *, 
Metric:) 

Metric  System  of  Welglits  and    leil^^ 

ures,— (See  Weights  and  Aftusttm,  ^f^^/r:i: 
System  of.) 

Mho. — A  term  proposed  by  Sir  \Un, 
Thomson  for  the  practical  imit  of  conductiv- 
ity. 

Such  a  unit  of  conductivity  as  is  equal  to 
the  reciprocal  of  i  ohm. 

The    conducting  power  is  equal  to  i  ^r  /^' 

,  tciprocal  of  the  reiis lance. 

The  word  mho^  as  is  evident,  \%  obtained  bf  tu 
verting  the  order  of  sequence  of  the  letters  in  ^^ 
word  ohm. 

Mica. — A  mineral  substance  employed  as 
an  insulator. 

Mica  is  a  silicious  mineral.  It  occura  of  nrf- 
ing  degrees  of  transparency »  and  splits  or da^^ 
rt^iiy  into  transparent  lamtnrc.  It  t$  a  g^ 
non  conductor,  is  feirly  fire- proofs  and  is  »«* 
hydroscopic. 

Mica  is  used  extensively  in  insulating  the  ^' 
tallic  segment  of  commutators  of  motors  ^'^ 
dynamo-electric  machines  and  in  wunis  od*** 
electric  work. 


367 


[Mil. 


HlcOv  Moulded 


-An  iBSulating  sub- 


stance consisting  of  finely  divided  micii  made 
into  a  paste,  with  some  fusee!  insulating 
substance,  and  moulded  into  any  desired 
shape. 

Fmcly  divided  mica  mixed  with  giim- shellac 
rendered  plastic  by  means  of  heat,  forms  a  good 
ksuLating  substance. 

Micro  (as  a  prefix), — ^The  one-millionth; 
,  a  microfarad,  the  millionth  of  a  farad ;  a 
microvolt*  the  one-milhonlh  of  a  volt. 

Micro- Farad  .—(See  Farad,  Micro) 

Miero-Gruphophonc— A  modified  form  of 
phonc^raph  in  which    several   independent 
netailic  diaphragms  are  used  instead  of 
jle  diaphragm  of  the  phonograph.  (See 
rapkopkcfu^  Micro.) 

Mlcrumeter,  Arc An  apparatus  for 

he  accurate  measurement  of  the  length  of  a 

Dltaic  arc  by  means  of  a  micrometer. 

The  distance  between  two  carbon  electrodes — 
one  movable  and  the  other  fixed — placed  inside  a 
glass  vessel,  is  accurately  determined  by  means  of 
a  micrometer  placed  on  the  movabte  electrode. 
The  operation  is  similar  to  that  of  the  vcrnirr 
^ir£  gauge. 

Micrometer,  Sparit A  term  some- 

Smcs  applied  to  Hertz's  electric  resonator, 
(See  Risonator,  Electric.) 

Microti.— A  measure  of  length. 

The  one-raillionih  part  of  a  metre. 

The  micron  Is  equal  to  .00004  ^f  bji  inch,  very 
p^etrly. 

Microphone. — An  apparatus  invented  by 
koU  Hughes  for  rendering  faint  or  distant 
ounds  distinctly  audible. 
The  microphone  depends  for  its  operation  on 
tions  produced  in  the  resistance  of  the  circuit 
\  a  battery,  or  other  electric  source,  by  means  of 
'a  loose  contact.     These  variations  in  the  re$ist> 
iDcc  are  caused  to  produce  corresponding  move- 
ments in  the  diaphragm  of  a  receiving  telephone. 
The  loose  contact  may  take  a  variety  of  form?. 
Originally  it  was  made  in  the  form  shown  in  Fig. 
397,  in  which  a  small  piece  of  carbon  E,  pointed 
at  both  ends,  is  inserted  in  holes  near  the  ends  of 
€ross*piece»  of  carbon  B  and  C.     The  Ihin  upright 
board  A,  on  which  these  are  supported,  acts  as  a 


sounding  board  or  diaphragm^  and  its  movements 
by  sound  waves  are  at  once  audible  to  a  person 
listening  at  the  receiving  telephone.  The  walk- 
ing of  ^  fly  over  the  sounding  board  Is  heard  as  a 
loud  sound. 

The  forms  of  transmitting  telephones  invented 
by  Reis,  Edison,  Blake,  Berliner  and  others,  arc 
in  reality  varieties  of  microphones^ 
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Fig.  jfl7>    Mkr^phane. 

Mierophono   Kolay,— (See  Relay,  Micro* 

pkOHt\) 

M ie ro-Seism ogrr a ph, — ( See    Seismograph 

Micro.) 

Microta«»Iinetcr. — An  apparatus  invented 
by  Edison  to  measure  minute  differences  of 
temperature,  or  of  moisture,  by  the  resulting 
differences  of  pressure. 

A  change  of  temperature,  or  moisture,  is  caused 
to  produce  variations  in  the  resistance  of  a  button 
of  compressed  lampblack,  placed  in  the  circuit  of 
a  delicate  galvanometer.  The  apparatus,  though 
of  surprising  delicacy,  is  scarcely  capable  of  prac- 
tical appHcaiion,  from  the  fact  that  the  resistance 
of  the  carbjn  does  not  resume'  its  normal  value  on 
the  removal  of  the  pressure. 

Micro.Yolt-'(See  Volt.  Micro,) 

Milp— A  unit  of  length  equal  to  the  nAnr  of 
an  inch,  or  .001  inch,  lised  in  measuring  the 
diameter  of  wires. 

Mil,  Circular  - —  —A  unit  of  area  cm- 
ployed  in  measuring  the  areas  of  cross-sec- 
tions of  wires,  equal  to  .78540  square  mil. 

The  area  of  a  circle  one  mil  in  diameter. 
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One  circular  mil  eqmls  .000000785  square  mdi. 

Tbcarea  of  cross-section  of  a  circubr  wire  m 
circubr  mils  b  equal  to  ibe  square  of  it^  diameter 
expressed  tn  mils,     (See  Unils^  Circniar.) 

Mil-Foot. — A  resistance  imii  of  leogtb  of 
one  foot  of  wire  or  other  conductor  of  oae 
mil  diameter. 

The  resistance  of  a  mil -foot  of  soft  copper  wire 
or  wire  t  foot  long  and  jooi  of  an  inch  in  diam- 
eter ia  equal  to  9.720  B.  A.  units  at  O  degrees  C, 

Mil,  Square A  unit  of  area  em- 
ployed in  meaaurmg  the  areas  of  cross-sec- 
tions of  wires,  equal  to  .ocxiooi  square  inch. 

One  square  mil  c<|aaU  1.2732  circular  miK 

MUi\  Nautte&l  — — — A  knot,  or  a  dis- 
tance of  6,087  feetpor  very  nearly  1,15  statute 
miles. 

The  Tfiinr  of  the  earth's  equatorial  cir- 
cumferencet  or  the  ^  of  a  degree  of  longi- 
tude at  the  equator,  or  about  2.029  yards. 

A  nautical  or  geographical  mile  beiitg  the 
irltnT  ^^  ^^  mdes,  bas  a  Taltie  •osiewhtt 
greater  than  that  of  the  statute  mile. 

Mile  St4iD(Iftrd«  Malthirs-Hen's ^A 

standard  of  resistance  equal  to  the  resistance 
of  one  mile  of  pure  copper  wire  j^  inch  ia 
diameter  at  1 5.5  degrees  C. 

Matthie&sen^s  mile  standard  has  a  resistance  of 
13,59  B.  A  units  at  15.5  degrees  C. 

Mile,  i^tatiite ^  —The  ordinary  unit  of 

distance  on  land,  equal  to  5,280  feet. 

Milli  (as  a  prefix). ^The  one-thousaadth 
part. 

M  ill  1' Ampere. — The  thousatidth  of  an  am - 
^re. 

MilU-Calorie,— The  smaller  calorie.  (See 
CaIorii\  Small,) 

MUli-OerHtedt— The  one-thousandth  of 
an  Oerstedt. 

Mimosa  Sensltlva.— A  sensitive  plant 
whose  leaves  fold  or  shut  up  when  touched* 

The  fibres  of  all  the  sensitive  plants,  such,  for 
enample,  as  the  above,  the  Venus*  Fly-trap,  etc., 
like  all  muscular  fibre,  and  indeed  all  protoplasm, 
suffer  contraction  when  traversed  by  electric  cur* 
rents. 

Mine,  Eldctro-Coiittict  —A  sub- 
marine mine  that  is  fired  automatically  on 
the  completion  of  the  current  of  a   battery 


placed  on  the  shore  through  the  dosing  of 
floating  contaa   points  by  pa^istag  st 
(See  Mtn€,  SuhKaring,) 

Mine  Exploder,  Electro-Masrnotlc — ^ 
A  form  of  electro-magnetic    exploder.    (Sec 
Exfftodtr^  Elcctro-Magjutic.y 

Mlof,    Mechanical A  sufanurnc 

mine  that  is  fired  when  struck  by  a  passiog 
ship  by  the  action  of  some  contrivance  con- 
tained within  the  torpedo  itself,  and  having 
no  connection  whatever  with  the  shore. 

Mine,  Ohaenratk^ii A  variety  of 

submarine  mme  that  is  fired  whci/  liie 
enemy's  vessels  are  observed  to  be  within  ik 
destructive  area  of  the  mine.  (See  Uim. 
Suhmarime.) 

Various  means  are  adopted  for  obtanroj  tne 
current  required  for  firing  such  tnines.  A  fuJ!>- 
cientty  powerful  battery  ts  generally  xmA,  Aa 
electro-magnetic  mine  exploder  may,  mider  ccn 
tain  circmiistaiiGei,  he  employed.     (See  }l^ 

Mine,  Snbniartne  — A  mass  of  gun- 
cotton  or  other  explosive  contained  m  a 
water-tight  vessel  and  placed  under  water  10 
as  to  be  exploded  on  the  passage  ot*cr  U  of 
an  enemy's  vessel. 

A  submarine  miae  Is  a  statianary  torpedo  ar> 
ranged  for  the  defense  of  a  harbor.  A  Hartor 
ii  protected  by  a  number  of  mines  which  arc  to 
arranged  as  to  be  readily  exploded  by  the  |iiMi{e 
of  an  enemy's  ship,  but  safdy  cro»ed  by  oikr 
veasek. 

Submarine  mines  consist  estetitially  of  foi. 
cotton  or  other  explosives  contained  in  water*tt|^i 
vessels  anchored  11%.  very  carefully  located  puii 
tions,  and  connected  with  the  shore  by  meiiu  o< 
cables. 

An  operating-room  at  the  shore  end  of  Ihc 
cable  is  furnished  with  batteries,  measuring  tn 
struments,  contact  keys,  etc,  etc.,  by  mcam  u4 
which  the  mines  can  t^e  exploded  by  the  tmn^ 
mission  of  an  electric  current  through  the  caWa; 
or,  the  mines  arc  furnished  with  aotooMtic  CJI^ 
cuit  closers  in  which  two  ocntrai  points  are dCMd 
by  the  passage  of  the  venet.  In  ordinary  tinai 
this  current  \%  too  weak  to  iy;nite  tlie  fuse,  and 
merely  closes  a  relay  in  Hie  operattog*! 
which  m  turn  dlrccti  a  current  through  a  I 
iitdicator,  but,  of  course,  too  weak  to  fire  the  fine. 
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fees  of  war,  bowever.  llic  relay  sends  a 
tbfoitgh  ihe  cable  suificicnily  strong  to 
ilatiivttm  iridium  fiae.  ignite  a  fulminate  of 
reap*  and  thus,  by  the  detonation  of  the 
pf  dry  gun-cotton,  explode  tbr  tull  charge 
i  gim-cotton  in  the  torpcdu  or  miDe. 

1^  SnMi^rnineaM —A   mass   of 

wdtTt  gun-cotton  or  other  explosive. 
under  ground  in  vessels  suitable  for 
bn  against  moist ttre*  and  fitted  with 
idly  connected  electric  fuses,  which  arc 
IKiploded  automatically  by  the  move- 
I  ail  enemy  over  them,  or  by  an  opcr- 
leed  at  a  sale  distance  within  an  en- 
nenL 

lt4^»  Ampfre —One  ampere  flow- 
one  niinute,     (See  Hoar^  Am  pi  re,) 

Jte,  Watt -—A  unit  of  dectrical 

eipcnditiire  of  an  electrical  power  of 
hit  lor  ose  minute. 

W&tt-miiiute  is  equal  to  60  jonks.  This 
klectricil  w«rk  is  ieldom  used. 

^hone,^ — An  apparatus  invented  by 
t  based  on  the  osc  of  the  jiiicrophone. 
Signed  for  the  medical  examination  of 

EK»r  (lAlTanonieter, — (See  Gaivan&m^ 

ttyrtrr.) 

^  Electrode,— (See  Electrode.  MoisL) 

Hare,   Eifeet  ^t  ^m  Electrlciil  File- 

lA  — The  influence  of   moisture 

surfaces  of  insulators  in  causing  the 
dissipatioQ  of  an  eledric  charge. 
io6s  is  more  rapid  urith  ni'faiiVt*/y  charged 
haji  with  those  poaiti^y  d»arged. 

^■Attrai'tton.  —  (See     AHractian, 

ycv^mt, — Pertaining  to  the    molecule. 

JoleeuU?^ 

NmUr  Attraction,— (See  Attraction, 

^olar    Botn  hard  men  t.— (See    B4>m- 

fHt,  MaUcular.) 

NBUr  CiuiD.— (See  Ckmdt^  MgUcu- 


]|«lecal«r     Currenla.— (See     Currents. 

MQle£%dttr  «r  Atomic*) 

IfalecitUir  C^nYBtJS,  Indiu.^ — (Se<^ 

CMrrents,  fmduct^  Moiecuiar  c^  Mmmic^) 

Mol^calftr  Range.— (See  Ramge,  Motecw 
/an) 

Mole<Mi]ar    Bepulsion. — (See    Rcpuhion 
MoUcidar^ 

Moleewlar  Elglditj.  —  (See  Rigidity, 
Molecular,) 

3lolet'itlar  llreory  of  MuJ+cli^  and  Nen'e- 
Currents. — (See  Theory^  Molecular,  0/ Mus* 
cle  and  Nerve  Currents^ 

3foli»eule,— A  group  of  atoms  whose 
chemical  bonds  or  affinities  are  mutually 
satisfied. 

The  sniall*st  quantity  of  a  compound  sub- 
stance that  c:ui  exist  as  such, 

VVaiCT  is  a  camp<»aiid  substance  formed  of  t«'o 
atoms  of  hydrogen  cooibined  with  one  atnm  of 
oxygen.  The  molecule  of  water,  therefore,  ur 
lUe smallest  quantity  of  water  that  can  exist,  must 
contain  two  atoms  of  hydrogen  and  one  o€  oxyj^cn. 

The  rmlBCule  of  bydrogoi  coneistsof  two  atnms 
of  hfdnagcn.  Sioce  liydrogem  is  a  nKmad,  cr  aa 
eksient  vhose  aloBicity  is  one,  it  caa  com  bine 
with  one  atom  of  hydrogen  and  £orm  a  molecidCp 
since  then  its  bonds  will  be  fully  satisfied.  (See 
Atomidty.) 

Mol^cnl^,    Closed-Magnetic    Circuit    erf 

— (See    Circuit,    Closed- Magnetic,  of 

Moltcuh,) 

Molecule,  Gmmme — The  weight  of 

any  substance  taken  in  grammes  numerically 
equal  to  the  molecular  weight. 

Moment,  Miignertle ^The  sum  of  the 

two  forces  of  the  directive  couple  mulli plied 
by  half  the  perpendicular  distance  between  llie 
directions  of  these  forces ,  or*  in  other  words, 
the  moment  of  a  magnet  is  equal  to  its  length 
multiplied  by  the  intensity  of  the  magnetism 
of  one  of  its  poles.     (See  Couple,  Magnetic) 

Moment  of  Coaplea,— (See  Couple,  Mo^ 
mcniof^ 

Momcntar}'  Current,— (See  Curratt^Mo- 
mentary,) 

Memeniiunt  £kctro-Magnetk%  of  Sec* 
^ndary  ClietiU A  quantity  equal  lo 
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the  co-efficient  of  mutual  induction,  multi- 
plied by  the  current  strength  in  the  primary, 
when  the  primary  current  is  fully  established. 
When  the  primary  current  Is  fully  established, 
the  Dumber  of  lines  of  force  which  pass  through 
the  secondary  circuit  is  equal  to  theco-efBcientof 
mutual  induction,  multiplied  by  the  strength  of 
the  primary  current. 

Monophotal  ArcLlgrht  Regulator, — (Sec 
Regulator,  Monophotal  Arc-Light.) 
Mordey  Effect.— (See  Effect,  Mordey) 
Morse  Alphabet.— (See  Alphabet,    Tele- 
graphic :  Aforse's.) 

Morse  Inker,— (Sec /«^<!r,  Aforse,) 
Mtirse  Recorder* — (See  Recorder,  Morse,) 
Morse  Register.— (See  Register,  Morse) 
Morse     System    of    Telegraphy. — (Sec 
Telegraphy,  Morse  System  of] 

Morse's  Telegraphic  Alphabet— (See  Al- 
phabei.  Telegraphic  :  iMarse's,) 

Morsels  Telegraphic  Sounder, — (See 
Sounder^  Morse's  Telegraphic.) 

Motion,  Energy  of  ^ A  term  some- 
times applied  to  actual  or  kinetic  energ>'  in 
contradistinction  to  potential  energ>\  (See 
Energy,  Actual,) 

Motion,  Simple-Harmonic  - — -  —Motion 
which  repeats  itself  at  regular  inten'als,  taking 
place  backwards  or  forwards,  and  which  may 
be  studied  by  comparison  with  uniform  mo- 
tion round  a  circle  of  reference, — (Daniell,) 
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Ftg^.  JQS,    Sim^' Harmonic  Matiom^ 

Motion  which  is  a  simple  periodic  function 
of  the  time, 

Suppose  a  pendultun  be  set  swinging  In  a  cer- 
tain path.  If  the  path  of  such  a  pendulum,  or, 
as  it  is  generally  called,  a  conical  pendulum^,  be 


looked  at  from  above  or  from  below,  it  will  app«ir 
to  be  circular;  if  observed  from  one  side  it  will 
appear  elliptical,  and  this  elliptical  path  will  ap* 
pear  longer  and  narrower  as  the  eye  of  the  ob^ 
server  approaches  the  level  of  the  plane  in  which 
the  bob  moves,  when  the  bob  will  appear  to 
travel  backwards  and  forwards  in  a  straight  line. 
The  bob  will  appear  to  be  moving  faster,  when  it 
is  moving  right  across  the  field  of  view. 

Let  the  circle  Q  C  R  (Fig,  398)  t>e  the  path  in 
which  the  bob  moves,  and  let  Q  A,  A  B,  B  C,  C  o, 
etc.^  be  equal  distances  in  such  path.  Let  the 
lines  A  a,  B  b,  C  c,  o  O,  etc. ,  be  drawn  perpendicu- 
lar to  the  line  Q  R.  Then  when  looked  at,  with 
the  eye  on  the  level  of  the  plane  in  which  the  l»ob 
travels,  the  line  Q  R,  will  lac  the  path  in  which 
the  Iwb  appears  to  move  backwards  and  for- 
wards, and  the  lines,  Q  a,  a  b,  be,  c  O,  etc.,  will 
represent  the  spaces  apparently  traverseid  in 
equal  intervals  of  time. 

The  circle  Q  o  R,  is  called  the  circle  of  reficr- 
ence. 

Motion,  Simple-Harmonic,  Amplitude  of 

' — -  —The  length  of  the  swing  from  the 
median  position  to  its  extreme  position,  in 
either  direction, 

The  line  O  Q,  or  O  R,  in  the  circle  of  reference 
QORfFig.  398). 

Motion,  SImple-Harmonk,  Negatire  Hi* 

reetlon  of The  motion  which  a  body, 

with  a  simple-harmonic  motion,  has  when  it 
appears  to  move  from  left  to  right, 

Motli^n,  Slmpletlarmonlc,  PeHc^  of 

— The  intenal  of  time  which  elapses  between 
two  successive  passages  of  a  moving  particle, 
over  the  same  point,  in  the  same  direction. 

The  period  of  simple-harmonic  motion  repre- 
sents the  lime  of  one  complete  motion  around  a 
circle  called  the  circle  of  reference.  (Sec  AUti^m^ 
Simple  -  Harmonic, )  ^J 

Motion,  Simple-Harmonic,  Phase  of ^ 

—The  position  of  a  point  executing  a  simple 
harmonic  motion,  expressed  in  terms  of  the        1 
inten'al  of  time   which  has   elapsed   since  fl 
such  point  last  passed  through  the  middle  ™ 
of  its  path  in  the  positive  direction. — {An* 
thony  &^  Brackett.) 

The  exact  position  of  a  particle  executing  m 
simple-harmonic  motion  for  any  instant  fjf  tim^ 
can  be  readily  expressed  in  terms  of  the  phase. 


371 


[MuL 


Si  m  pie- Harm  on  fp,       Positive 

Jken    of The   motion   which    a 

[loving  in  simple-harmonic  motion  has, 
:  appears  to  move  from  right  to  left* 

kion.  Simple- Periodic — A  term 

ncs  employed  in  the  sense  of  simple- 
pnic    motion.     (See    Mat  tan.    Simple- 

|Uoiu  SImple-Slne —A  term  some- 

Jl employed  in  the  sense  of  simple-har- 
k  motion*     (See  Motion,  Simpie-Har- 

f) 

to^aplt.  Electro  — An  apparatus 

|cd  by  Edison  whereby  the  friction  of  a 

(Um  point  against  a  rotating  cylinder  of 

I  chalk,  is  reduced  by  the  passage   of 

btric  current. 

I  result  is  due  to  electrolytic  action  at  the 

|of  contact^  varying  the  friction. 

\  eleciro-motograpb,  though  less  certain  in 

ion  than  an  electro-magnett  may  replace  it 

)x\n  electric  apparatus. 

^  detailed  construction  of  the  electro-moto- 

Lwili  be  understood  from  an  Inspection  of 

Ijerer  A,  pivoted  with  a  universal  joint  at 
I  a  metallic  point  at  its  free  extremity  F, 
I  on  a  strip  of  maistened  paper  N,  and  held 
p  it  with  some  presstire  by  the  aciion  of  the 
\  S.  The  paper  N,  rests  on  the  metallic 
)G,  over  which  it  is  moved  on  the  rotation 
Idrum  by  clockwork.  A  spring  R,  acts  to 
[Ihe  lever  A,  in  a  direction  opposite  to  that 
|ch  it  tends  to  move  by  the  rotation  of  the 


An  excellent  loud  speaking  telephone  has  been 
devised  by  Edison  on  the  principle  of  the  electro- 
motograph. 
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main  battery  L,  is  connected  at  its  negative 
I  Ihe  point  F,  and  at  its  positive  pole,  through 
pr  K,  to  the  metallic  drum  G.  The  local  bat* 
L  B,  i«  connected  through  the  sounder  X,  to 
btacts  D  and  X. 

the  key  K,  is  open,  the  friction  of  F,  on 
r  N,  is  sufficient  to  move  the  lever  A,  to 
so  as  to  close  the  circuit  of  the  local 
',  but  when  the  key  K,  is  depressed,  the 
ofl^  passing  through  the  paper,  decom* 
ic  chemicals  with  which  it  is  moistened, 
the  friction  of  the  point  F,  and  permits  the 
B,  to  draw  the  lever  A,  to  the  left,  thus 
the  circuit  of  the  local  battery  L  B. 

lents  of  the  key  are  therefore  repro- 
le  armature  of  the  electro -magnet  X 


Motor^  Com  pound- Wound An  elec- 
tric motor  whose  lield  magnets  are  excited  by 
a  series  and  a  shunt  wire.  (See  Machins, 
Dynamo-Electric,  Compound-  Wound^ 

Motor,  Piffei^ntifilly  Watiud —A 

com  pound- wound  motor,  in  which  the  ctir- 
rent  in  the  shunt  coils  opposes  in  its  magnet- 
izing effects  the  current  in  a  series  coil,  so 
that  the  efficient  magnetizing  effect  produced 
is  the  difference  in  the  magnetizinj^^  effect  of 
the  two  coils. 

Motor,  Kleetric A  device  for  trans* 

forming  electric  power  'nlo  mechanical 
power. 

All  practical  electric  motors  depend  for  their 
operation  on  the  tendency  to  motion  in  a  mag- 
netic field  of  a  conductor  carrying  a  current  or 
on  magnetic  attraction  or  repulsion.  The  entire 
magnetism  may  be  producer  by  aie  current,  or 
part  may  be  obtained  from  permanent  magnets, 
and  the  rest  from  electro -magnets. 

A  dynamo. electric  machine  will  act  as  a  motor 
if  a  current  is  sent  through  it.  Such  a  motor  is 
sometimes  called  an  tlt'£tr&~mct&r.  The  term 
electric  motor  would,  however,  appear  to  be  the 
preferable  one. 

In  all  cases  the  rotation  is  in  such  a  direction  as 
to  induce  in  the  armature  an  electromotive  force 
opposetl  to  that  of  the  driving  current  ;  this  is 
therefore  called  the  counter  electromotive  force* 

A  magKetO'Jynam^y  or  a  dynamo  the  field  of 
which  is  obtained  from  permanent  magnets,  or  a 
sfpmratdy  excited  dynamo,  will  operate  as  a 
motor  when  a  current  is  sent  through  its  anna- 
turc,  and  w  IE  turn  it  in  the  opposite  directs  an  to 
that  required  to  drive  it  in  order  to  produce  a 
current  in  the  same  direction* 

A  series  dy$tam&  will  operate  as  a  motor  when 
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A  current  U  sent  throogli  it.  If  the  current  is 
sent  tliroogh  it  in  the  opposite  dii^i^tiaiii  to  that 
which  it  produces  whca  in  operation  ai  •  g^fm^r- 
a(or^  the  polarity  of  the  field  is  reversed  and  the 
dynamo  will  turn  as  a  motor  in  the  opposite direc* 
Hon  to  that  required  (D  ^duce  the  current.  H 
the  currL-nt  is  rerersed,  the  pola^fy  ol  both  the 
field  and  Ihe  armature  U  again  rerenfld,  and  the 
tlynamo  still  rotates  aa  a  motor  in  the  oppiftite 
M  rift  ion  to  that  in  which  it  is  rotated  as  a 
generator, 

A  series  dprntm^  thtrtfrr^^  ah»^s  r^iaUs  as  a 
moUr  in  a  dir^aum  opp^iit  U  ikai  0/ Us  rota/iffH 
-as  a  g^n^rntor. 

When,  however^  the  polarity  of  the  field  only 
is  reversed  by  changing  the  conncctioii  between 
the  armature  and  the  field,  the  rotation  ts  in  Hie 
same  direction, 

A  thmU  dynamff  operated  as  a  n»tor  wiH  also 
turn  in  but  one  diroction,  ini  this  MrtctUn  is  tkt 
samt  OS  ihat  in  wkuh  il  imrmt  taken  aprraiim^ 
us  a  gefurratcr;  for  U  the  direction  of  the  current 
in  the  armature  is  tlie  same  as  in  a  generator, 
that  in  the  shunt  is  reversed. 

A  iompound  wound  dynamo  will  move  In  a 
direct  ion  opposite  to  that  of  its  motion  as  a  gene- 
rator if  the  series  part  is  more  powerful  tfian  the 
shtiot,  and  in  the  samt  dirrttiom  if  the  shimt  pait 
is  more  powerful  than  the  series.  To  use  a  com* 
paod^WDuml  dynamo  v  a  difftreniuU  motor  Ciie 
oonnections  need  not  be  dhaogod*  For  a  cmmu* 
iaiive  motor  it  is  necessary  to  rercrse  the  connec* 
tions  of  the  series  coils* 

Altemating'CHmnt  Dytmmc, — Tlie  current 
from  an  alternating -current  dynamo^  it'  sent 
throuf^h  another  similar  aitcmating^current  dy. 
namo  running  at  the  saasapecd,  will  drive  it  as  a 
motor.  Such  a  machine  fMMMsaes  the  disadiran* 
ta|^  of  requiring  to  be  maintained  at  a  speed  de- 
pending on  that  of  the  driving  dynamo,  and  also 
that  it  requires  to  be  brought  to  nearly  this  speed 
before  the  driving  current  is  supplied  to  it.  As  a 
result  of  this  last  requirement^  vartatitnig  in  tiie 
load  are  apt  to  atop  the  motor.  Considerable 
improvements,  however,  are  being  introduced 
into  alternate  .current  motors,  by  which  these 
diHiculties  arc  almost  entirely  removed. 

An  alternating  current  sent  through  any  aelf- 
eadtlng  dynamo-electric  machine,  such  as  a 
shunt  or  ierid  machine,  will  drive  it  cantlnii' 
oosly  as  a  motor.  The  sudden  reversals  in  the 
magnetization  of  its  cores  will,  however,  unless 
the  cores  are  thoroaghly  laminated,  set  up  power- 


ful  eddy  curicnti  that  will  tnjitnously  heal  ti^ 
machine,  and  there  is  also  eacciilve  sparking  at 
the  brushes. 

The  reaersibUiiy  t/  at^  djmomm-^itarit  mt. 
cAine,  or  its  ability  to  operate  as  a  notor  ifi«q>- 
plied  with  a  current,  leads  to  a  hct  of  {rest 
importance  in  the  efficiency  ot  dectsric 
vis.:  that  during  rotation  there  is  indticed 
armature  during  its  passage  through  tbeficld  «f 
the  machine;  an  dectrooifltive  (ores  oppdMd  la 
that  produced  in  the  armature  by  the  dritio^ 
curreot^  or  a  coimi^r  dectr^tmotixf  /aru.  (bee 
Resistance^  Spttrions.  for^e^  Counfer  EUOr^. 
ttwtive.)  This  counter  electromotive  io/ret 
a^  a  spurious  resistances  and  opposes  the 
ol  the  driving  current,  so  thai,  as  the  speed 
electnc  motor  increases,  the  strength  of  the  Am- 
ing  current  becomes  less,  until,  when  a  certiin 
maximum  speed  is  reached,  very  little  cuffot 
passes.  In  actual  practice,  this  maximitm  speed 
is  not  attained,  or  is  only  momentaaly  atta^, 
and  a  small,  nearly  constant,  coczmt  it  cupaided 
in  overconung  frictioo  at  the  bcaria§i^  air  fac- 
tion, etc. 

When,  however,  the  load  it  placed  on  die 
motor,  that  is,  when  it  is  i^aiimi  to  lioiMvk,  tk 
speed  is  reduced  and  the  counter  etectroaocae 
force  is  dBcwatd^  thua  pemitttiag  a  gfcalcraff- 
rent  to  pa«.  The  fact  that  the  baad  thus  nfQ- 
matically  regulates  the  cunent  required  to  dme 
the  mo  Lor,  renders  electnc  mouna  wry  eoamei' 
cal  in  operation. 

The  relations  between  the  power  reqiilnd  la 
drive  the  goicrating  dynamo,  and  that  |ttQd«C8A 
liy  the  electric  motor,  are  such  that  ike 
to^rk  per  second  is  done  by  th4  m^iitr  Wi 
runs  at  suck  a  raU  tk^t  the  counifr  tlettrt- 
fmtivtftfrct  it  pr^^dm^r  is  kalf  ikat  ^/  eke  currmi 
supplied  to  it.  The  maximum  work  oractifitiisf 
an  electric  motor  is  therefore  done  whca  its  theo^ 
retical  efficiency  ii  only  50  per  cenL  ThJi^ 
however,  must  be  carefully  distingniahed  fron 
the  maximum  effidcacy  of  an  elec^ic  meiDr.  k 
maximinn  efhciency  of  too  per  cent,  can  be  at- 
tained theoretically  ;  and,  in  actual  practice,  cce- 
slderably  over  90  per  cent,  is  obtained.  In  mkIi 
cases,  however,  the  motor  is  doing  work  M  lev 
than  its  majrimi*m  p^wer. 

This  is  Jacobins  law  of  mazintum  efiect  Imi 
does  not  apply  to  actuai  motors  on  icoenfltef  tie 
Jimitations  of  correot  carrying  cafiacfty..  fm 
exjunple,  a  motor  of  9  honcpower  and  9«  }fK 
cent,  efiidency  lows  t  horse^power  in  heat 


Mot.] 

^      jttdL     BezMue,  if  nm  ^ccordrng  to  Jacobi- »  kw, 

^Ht  would  oolj  produce  the  same  amount,  i.  r.,  i 

^^kcie-powcr  in  usciui  work  instead  of  9.     Mor« 

^^Ban  this  would  overheat  it. 

^V  Am  efficiency  of  100  per  cent  is  ttacbed  whim 

Hie  cDUBter  electromotiiFc  force  of  the  motor' Is 

eqiwl  to  that  of  the  source  supplying  the  dfMr>g 

Gurent.     Sappooing  now  the  driving  mmdrioc  to 

be  of  the  same  type  as  the  motor,  and  the  two 

machines  ar^  rmmiHg  tU  the  saitu   speed,     tf 

\  load  is  put  on  the  motor  so  as  to  reducse  its 

and  thus  permit  it  to  produce  a  counter 

ctromotive  fiwcc    of   but    90    per    cent.,    its 

Bcy  will  be  but  go  per  cent.     In  such  a 

bercfore,  the  efficiency  i^  repr^ented  by 

speeds    of    the   generator  and   the 

motor. 

Xotiir,    Electric,     Altematlnfr-CiiTreiit 

— An  electric  motor  driven  or  operated 

by    means    of    alternating    currents,      (See 

i&iiMr^  EUciric.) 

Dr.  Louis  Bnocan  divides  alternating  motors 
I  two  daases,  vix, ; 

(I.)  Those  in  which  there  is  but  one  trans- 
aatioo  in  the  machine,  viz.,  that  of  the  electric 

cr^  of  the  armature  current  into  the  mechani- 

I  energy  of  the  armature's  rotation, 
f  f  2- )  Those  in  which  there  are  two  transforma- 

Dn^  vii.: 

(a.)  The  tran^Cor motion    of  electrical  energy 
'from  the  main  current  to  electrical  energy  in  the 
aniiaiurd  current. 

(b. )  The  transformation  of  the  electric  cncr^jy 
of  the  armature  current  into  mechani caJ  energy. 

Alternating  motors  of  the  first  type  are  found 
ill  the  ordinary  alternating  current  dynamo  rc- 
fosed.  Those  of  the  second  type  in  Tcsla's  or 
Thomson's  motors. 

ISMm^  Etotrie*  Direct-CUirreiit  — -  — 

An  ckcUJc  motor  driven  or  operated  by 
means  dL  direct  or  continuous  electric  cur- 
rents, as  distinguished  from  a  motor  driven 
or  oj»eratcd  by  alternating  currents.  (Sec 
Mattrr^  Electric.) 

Mifttiir,  Electric,  Hlgh-S|»ee4 —The 

ordinary  electric  muior. 

The  term  high-speed  ekctric  motor  is  used  in 
€ontndi>tinction  to  low-speed  dectric  motor. 
(Set  4r#/<^r«  EUttric,  Um-Sfetd,) 

Mtlor,   Electric,    Luw-Speed ^A 


slow^peed   motor.      (See  Meiitr^  EJectric. 

Motor,    Electrify  OTcrl«ail  of A 

load  greater  than  that  which  an  electric  motor 
can  carry  v^^hile  at  its  greatest  efficiency  of 
operation,  or  a  load  which  causes  injurious 
heating  of  a  motor. 

Motor,  Electric,  Rpreniiig  (tear  of 

— Apparatus  for  so  reversing  the  direction  of 
the  current  tbrough  an  electric  motor  as  to  re- 
verse the  direction  of  its  rotation.  (See  /Sail- 
road,  EUciric.) 

Moton  Electric.  Slow-Speed An 

electric  motor  so  constructed  as  to  run  with 
fair  efficiency  at  slow  speed. 

The  electric  motor  develops  a  counter  electro* 
motive  for.e  when  in  motion,  which,  of  course^ 
increases  with  the  increase  of  motion.  The  elec- 
tric motor  has,  as  generally  construe  ted »  its  great- 
est efficiency  at  high  speed.  When  used  on  street 
railroads,  the  high  speed  requires  to  be  decreased 
by  various  forms  of  reducticm  gear.  The  lo^  of 
power  which  all  such  gear  involve,  together  with 
the  noi&e  attending  their  use,  render  any  decrease 
in  speed  that  can  be  obtained  on  the  part  of  the 
inotor,  without  serious  loss  of  efHciency,  dcsir- 
aljle. 

Hotor-Electromotive  force*— (See  Force^ 

Motor  Shctromoiivc,) 

Motor,     Fjromairiietfc  — A   motor 

driven  by  the  attraction  of  magnet  poles  on 
a  movable  core  of  iroa  or  nickel  unequally 
heated. 

The  intensity  of  magnciitation  of  iron  decreases 
with  an  increase  of  temperature,  iron  losing  most 
of  its  magnetisation  at  a  red  heat.  A  disc  of  iron 
placed  between  the  poles  of  a  magnet,  so  as  to 
be  capable  of  rotation,  will  rotate,  if  heated  at  a 
part  nearer  one  pole  than  the  other,  Siince  it  be^ 
comes  less  powerfully  magnetized  at  the  heated 
part. 

In  the  form  of  pyromagnetic  inotor  devised  by 
Edison,  and  shoivn  m  Fig.  400,  in  elevation,  and 
in  Fig.  401,  m  vertical  section,  the  disc  of  iron  ts 
replaced  by  a  series  of  small  iron  tubes,  or  di. 
vided  annular  spaces,  heated  by  the  products  of 
combustion  from  a  fiie  placed  beoeaih  them.  In 
order  to  render  this  heating  local,  a  flat  screen  is 
placed  dissym metrically  acrom  the  top  to  prevent 
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tbe  passage  of  air  through  the  portion  of  the  iron 
tubes  BO  screened*  The  air  is  supplied  to  the 
furnace  by  passing  down  from  above  through  the 


^^ 


v^' 


Fig.  40&,    fyrama£nHk  Motffr* 

tubes  so  screened.  This  is  shown  in  the  draw- 
ingSj  the  direction  of  the  healing  and  the  cooling 
air  currents  being  indicated  by  ihc  arrows*    The 
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Fig.  40 i,     Pyrtm^Af^Hitic  M^ar, 

supply  of  air  from  above  thus  insures  the  more 
rapid  a>oting  of  the  screened  portion  of  the 
tubes. 

Motor,       Rottitiuf-Current —  An 

electric  motor  designed  for  use  with  a  rotat- 
ing electric  current. 


Unlike  alternating  current  rootorsy  rotary-cur. 
rent  motors  wiU,  like  continuous -current  motels 
readily  start  with  a  loxd.    (See  Current,  /^&iaiu^,\ 

M ot^r,  Herie^-Woiitid An  electiic 

motor  in  which  the  field  and  armature  arc 
coaaccted  in  series  with  the  external  circuit  as 
in  a  series  dynamo,  (See  Machine,  Dynamo* 
Electric^  Series-  Wound ) 

Motor,  Shtiut-Wonnd An  electric 

motor  in  which  the  field  magnet  coils  irt 
placed  in  a  shunt  to  the  armature  ctraat. 
(See  Machine^  Dynamo- Eiectric^  Shmlt* 
Wound.) 

Hfotor      Standards,  —  (See     Standarii, 

AfotorJ) 

Mould<^  Mica,— (Sec  i\fica,  M&ulded,) 

Mould iiicr,  Electric  Wood Mould* 

ing  of  dried,  non-conducling  wood,  providttf 
with  longitudinal  grooves  for  the  reccptirjn 
and  support  of  electric  wires  or  conductors. 
Wood  mouldings  are  employed  for  the  protec 
tion  and  concealment  of  electric  conductonk 

Moiildinsr 

At ou  I  ding,) 

Moiii^-MIl] 

Mmse-Mili,) 

MouHi'-MUl  Machine.  —  (Sec  Mackim, 
Mous€'Mili) 

Mouth  Pieces,— (Sec  Pieces,  Mi^utJt.) 

MoTahle  Secondary*  —(See  S^ci^ndary, 
MmfaNe,) 

Mover,  Prliuo In  a  sj-stem  o(  dii* 

tribuiion  of  power  the  motor  by  which  sec- 
ondary motors  ormoviersarc  driven. 

In  a  steam  plant,  the  steam  engine  is  the  prime 
mover;  the  shaft* or  machines  driven  by  thetuai 
shaft  are  sometimes  called  the  secondary  mofcn. 
The  main  shaft  is  called  Ihc  driving  shaft.  la 
motion  ts  carried  by  means  of  belts  to  otber 
shafts  called  driven  shafts.  The  pulleys  00  ttf 
driving  or  driven  shafts  are  called  rcspectiTdy 
the  driving  and  driven  pulleys. 

Movers,  Secondary The  shifts  or 

machines  driven  by  the  main  shafts  i:t  order 
to  distinguish  them  from  the  steam  engine  or 
other  mover  which  drives  it.  (Sec  Mffmt 
Prime,) 


Wlrittip,  —  (Sec 
Dynamo,  —  (Sec 


Wirini, 
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|*€eMiilar  Electrostatic  Toltmeter. 
Voltmeter,  Multi^CeUular  EUcira* 

Iphose  Current— (See  Curreni,  Mul- 
I) 

EDfRamo,  —  (See     Dynamo, 
System.— (See  System,  MuUi- 
Iple-Arc     Circuit  —  (See    Circuit 

tiple- Are-Con  nee  ted    Eleetro*Beee|h 

IrieeM,— (See  De%nc€s,  Eltctro-Recep- 
^ulUpit'ArC'C&nnected:^ 

Sple-Are-Conneeted    Sourees.— { See 

I,  Multiple- ArC'Connecieti^ 

Iple- Are-Con  neeted  Traii^^latinjyr  I*e- 
}»(See    Devices.     Translaiin^,    Mul- 

\r€'Conne€ted.) 

\ 

|lple-Bru»li    Roe  Iter.— (See  Racktr, 

\ie'Brush.) 

Uple-Brush  Yoke.— {See  Yaki,  Mui- 
)fttr  Brush,) 

bple  Cable  Core.— (See  Ca^U,  Mul- 

We.) 

ttple    CIrcalt.— (See   Circuit.  Mul- 
fclple   Conduit.— (See   Conduit,  Mul- 

Mple*ConnrH'ted  Battery.— (See  Bat- 

fu  it  i pie-  Connected. ) 

Uple-Coniieeti^d      E]eetro*ReeeptlTe 

^— (Sec   De^nces,  Eiectra* Receptee, 

}le'C&nnected.) 

Hple-Connected      Eleetro- Receptive 
%,  Antomotic  Cut-Oat  for (See 

/,  Automatic/or  ,\fuitipie'Cdnne£ted 
^Receptive  Dei^ices^) 
Iple-Cannected  Translatinjor  Derlees. 

devices,  Transiattn^,  Multipie-CoH' 

Iple  Connection. -(See  Connectian, 


MiUitpIe  Bi^trilintion  of  Electricity  by 
Constant  Potential  CireiiItR.-^(Sec  E/ec- 
tricity,  Multipie  Distribution  of,  by  Constant 
Potent iai  Circuits.) 

Mnltiple        Electric-OasUghtlngr*— (See 

Ga slighting,  Muitiple  Eiectric) 

Bfulti pie-Series.— A  multiple  connection 
of  series  groups.  (See  Connection,  Series 
Muitiple.) 

Usage  in  regard  to  ibis  tcmi  is  divided.  By 
some  the  termmuldple-senes  is  applied  to  a  series 
connection  of  parallel  groups.  This  is  done  on 
account  of  the  order  of  the  words,  mul ti pi e- series 
indicating^  it  is  claimed,  a  series  con  nee lion  of 
multiple  groups. 

Multiple-Series^    Circuit^(Sec  Circuit, 

Muitipie^Series,) 

Mnltiple-Series-Connected  Electro-Re- 
ceptive Devices.^ — (See  Det'ices^  Electro- 
Receptive^  Muitipie-Series-Connected.) 

Multiple  •  Series  Connected     Sources. — 

(See  Sources,  Multipie'Series-CoHHccted,) 

Multi  ple-Heries-Contteeted  Translati  n)^ 
Deviceji,— (See  Dn*ices,  Translating,  Mul" 

tipie-Series-  Connected.) 

Mnltlple-Serles  Connection.— (Sec  Con- 
nection, Ahfiiipie- Series,  \ 

Multi|)le-Swltch    Board.  — (See   Board, 

Multipie-Switc.:) 

Multiple  Tr  a  n  sfomier .  —  (See  Trans^ 
former,  Multipley 

Mnltiple  TranHinlsslon*— (See  Trans* 
m  ission ,  Muitiplt: . ) 

Multiple  Worklut  of  UynanK^Electrie 
Machines,— (See  Workiptg,  Muitiple,  of 
Dyna  m  o-  Electric  Mach  ines, ) 

Mnltiplex  Telegraphy,  —  (See  Teleg- 
rapiiy,  Mtdtiplex) 

Mnltiplicator, — A  word  sometimes  used 
for  multiplier. 

Mnltiplien  Galvanic —A  term  for- 
merly applied  to  a  galvanometer.  (See  Gal- 
vanometer^) 

Mnlti  tiller,        Schwei^grcr's —The 

name  first  g^ven  to  a  coil  consisting  of  a 
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number  of  lums  of  insulated  wire,  provided 
for  the  purpose  of  increasing  the  strength  of 
the  magnetic  field  produced  by  an  electric 
current,  and  consequently  the  amount  of  its 
deflecting  power  on  a  magnetic  needle, 

Schweiggcr*s  multiplier  was  in  fact  an  early 
form  of  galvanonieter     (See  Calvanomet^rr.) 

HnHipl}  inir  Fower  of  Stmnl  —  (Sec 
Shuni\  Multiplying  Pmuer  of,) 

Multipolar  Armature— (See  Armature, 
Multipolar.) 

31u1tipolar  Dynamo-Elt^ctric  Ma^^hine. — 

(See  Machine^  Dynamo- Electric,  Multipo- 

iar,) 

Multipolar-Electfic    Bath.— (See    Baih, 

Multipolar  Electric^) 

Muscle  Current,— (See  Current,  Muscle) 
Muscles^  Electrical  Excitatiou  of 

(See  Excitation^  Electro-Muscular,) 


Macular.    E1<4*Ito  - 


— Pertaifiing 

the  influence  of  electricity  on  the  muscio. 

Muscular  or  Nene  Fibre,  Excit 
of (See    Excitahility^    Electric^ 

Nerve  or  Muscular  Fibre,) 

Mosealar   Pile,    Matteacci^s - 

Pile,  Muscular,  MatteuccVs^ 

Musket,  Electric A  gun  in 

the  charge  is  ignited  by  a  platinum  wire 
dered  incandescent  by  the  action  of  a  bat- 
tery placed  in  the  stock  of  the  gun. 

Mutual  Inductance. — (See  Inductance) 

Mutual      inductioii.  —  (See     Inductim, 

Mutual,) 

Mutual  InducUou,  Co-etftelent  of  — 

— (See  Induction,  Mutual,  Co-efficient  of.) 

Mjria  (as  a  prefix). — A  million  limcsv 


HSee 
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N.— A  contraction  employed  in  mathe- 
matical uTitings  for  the  whole  number  of 
lines  of  magnetic  force  in  any  magnetic  cir- 
cuit. 

N. — A  contraction  for  North  Pole. 

This  N,  may  be  disttnguishrd  from  tlie  N,  used 
for  expressing  the  whole  number  of  lines  of  rosig* 
metic  force,  by  making  the  former  light  and  the 
latter  heavy. 

N.  H,  P.— A  contraction  for  Nominal 
Horse- Power, 

Nominal  horse,  power  is  a  somewhat  indefi. 
nttc  terra  for  a  quantity  dependent  on  the  length 
of  stroke  and  the  dimensions  of  the  cylin- 
Act.  This  quantity  is  a  dependent  one,  be- 
cause  it  varies  necessarify  with  the  type  of  en- 
gine. 

NABcent  State.— (See  State,  Nascent) 

Natural  Currentis. — (See  Currents,  Nat- 

ural) 
Natural  Law.— (See  Law,  Natural) 

Katnral  Magnet,— -(See  Magnet^  Nat* 
ural) 


Natural  Unit  of  Electricltr,— (See  £lk 

tricity.  Natural  Unit  of) 

Natural  Uiiit  of  Quantltj  of  Electrlcltj, 
—(See  Electricity,  Unit  Quantity  of.  Natu- 
ral) 

Nautical  Mile.— (See  MOe,  Nautical) 

Needle  Annunciator,— (See  AHnuneiator, 
Needle,) 

Needle,  Astatic ^A  compound  nMf* 

ueLic   needle  of  great  sensibility,  possesfiiQS 
little  or  no  directive  power. 

An  astatic  needle  consisting  of  two  sepante 
magnetic  needles,  rigidly  connected  togtlhcf 
and  placed  parallel  and  directly  over  cici* 
other,  with  opposite  poles  opposed. 

An  astatic  needle  is  shown  in  Fig.  401,  The 
two  magnets  N  S,  and  S^  N\  arc  directly  oppo«(i 
in  their  polarities,  and  are  rigidly  conoectied  ^ 
g  ether  by  means  of  the  axis  a^  a.  So  dtspOiedt 
the  two  magnets  act  as  a  very  weak  single  nedic 
when  placed  in  a  magnetic  field . 

Were  the  two  magnets  N  S,  and  S'  N*.  trf  «• 
actly  equal  strength,  with  their  poles  plaoid  in 
e9Uict]y  the  same  vertical  plane,  llicy  would  a^* 
pletcly  neutralize  each  other,   and  the   wetMlt 
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[  have  no  directive  tendency*    Soeh  a  sys- 
^A  would  form  au  Astatic  Pair  or  Caup/^. 
In  pracdoe  it  is  impossible  to  do  this,  so  th&l  the 


needle  has  a  directive  tendency,  which  is  often 
east  and  west. 

The  cause  of  the  east  and  west  directive  ten- 
dency of  an  unequally  bal- 
anced astatic  system  will 
be  understood  from  an  in- 
spection of  Fig,  403.  Un-  ^* 
less  the  two  needles,  N  S, 
and  S'  N\  are  exactly  op- 

they   will   form   a  ^V-  4^S* 


^^ 


Attaiic  Pair. 

^  short  magnet.  N  N  N  N,  S  S  S  S,  the  pole* 
of  which  are  on  the  sides  of  the  needk.  The 
system  pointing  with  its  sides  due  n<>rth  and 
wad&k  wJU  appear  to  have  an  east  and  wei»t  dirtc- 
tion. 

The  principal  use  of  the  astatic  needle  is  in  the 
MsUttic  gahtamtmeter,  in  which  the  needle  is  de- 
fleeted  by  the  passage  of  an  electric  current 
through  a  conductor  placed  near  (he  needle. 
Therefore  it  is  evident  that  one  of  the  needles 
must  be  outside  and  the  other  inside  the  coil  In 
the  most  sensitive 
Ibrm  of  galvanomc* 
ter  there  i*  also  a 
cqH  «orrounding  the 
upper  needle,  the 
two  colls  being  op- 
podtely  connected, 
K>  that  the  deflection  . 
on  both  needles  is  in 
the  same  direction,  "^ 
and  the  deflectiii^  Ft'r  4*^4,  AtHmtic  SfHw% 
power  is  equal  to  the  sum  of  the  two  coils,  while 
the  dircc'ive  power  of  the  needles  is  the  differ- 
ence of  their  magnetic  intensities. 

ffi  the  astatic  system,  as  shown  in  Fig.  404,  the 
current,  which  flows  above  one  needle,  flows  bc- 
km  the  other»  and  therefore  deflects  both  needles 


in  the  same  direction,  since  their  poles  point  in 
opposite  directions.       ^ 

In  some  galvanometers  a  varying  degree  of 
sensitivene^  is  obtained  by  means  of  a  magnet, 
called  a  mmpensattn^  magtut^  placed  on  an  axis 
abjve  the  magneic  needle.  As  the  com  pen  sit- 
ing  magnet  is  moved  towards  or  away  irt)in  the 
needle  the  effect  of  the  earth's  field  is  varied,  and 
with  it  the  sensitiveness  of  the  galvanometer. 
Such  a  magnet  may  form  with  the  nctdle  an 
astatic  system,  (See  Afaj^ti't,  Compmsatmj^. 
Gaivmtom^ter^  Asiatic,  Ga/i'aH&m^tfr,  Aftrrfir. 
Multiphfr^  Sckivfigoer* s). 

Needle  Eleetrotl©,— (See  Electrode,  Nee- 
dle.) 

Needle,  Elong-atloii  of A  phrase 

sometimes  used  for  the  angular  deflection  of 
a  needle. 

Needle,  IlIajBriietic A  straight  bar- 
shaped  needle  of  magnetized  steel,  poised 
near  or  above  its  centre  of  gravity,  and  free 
to  move  either  in  a  horizontal  plane  only,  or 
in  a  vertical  plane  only,  or  m  both. 

A  magnetic  nectlle  free  lo  move  in  a  vertical 
plane  only  i*  called  a  dipping  needle,  A  mag- 
netic needle  free  to  move  m  a  horizontal  plane 
only^  as  shown  m  Fig.  405,  is  the  form  employed 

S    N 


in  the  mariner's  compass.     This  form  of  magnetic 
needle  is  the  one  most  commonly  employed. 

For  ysc  as  a  mariner's  compass  the  deedle  is 
supported  on  gimbals  and  placeri  in  a  \yox  pro- 
vided with  a  card  on  which  are  marked  the 
points  of  the  compass.  (See  Cmnpass^  AnimHik, 
Comptiss^  Points  of. ) 

Needle,  ilfagiietic,  Aniinal  TaHatfons  of 

— Variations  in  the  value  of  the  mag- 
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neiic  declination  that  take  piacc  at  regular 
penods  of  the  yean 

The  annual  variations  of  the  magnetic  field  were 
discovered  by  Cassini  in  17S6. 

Needle,    Magitetic,   I>iiily    Tarlation   of 

Variations  in  the  value  of  the  magnetic 

dechnation  that  take  place  at  different  periods 
of  the  day. 

It  was  noticed,  for  example,  in  London  that  the 
north  pole  of  the  magnetic  needle  begins  to  move 
westward  between  7  and  S  a.  M.  and  coniinues 
this  movement  until  I  P,  M.|  when  it  begins  to 
move  towards  the  east  until  near  10  p.  M.»  when 
it  again  begins  its  westward  course. 

Needle,    Magnetic,    I>fli»ipi*d    —A 

ma^elic  needle  so  placed  as  lo  quickly  come 
to  rest  after  tt  has  been  set  in  motion.  (See 
Damping.) 

Magnetic  damping  is  readily  effected  by  caus- 
ing the  needle  to  move  n<:ar  a  metallic  plate.  On 
the  motion  of  the  needle  the  currents  set  up  in  the 
plate  by  dynamo- electric  induction  tend^  accord- 
ing to  Lenz's  law,  to  oppose  the  motions  pro- 
ducing them,  (See  Induction^  Ehctro-Dynamic. 
LawSf  Lcftt^s.) 

Needle,  Magnet ic%  Declination  of  — —  ^ 

The  angular  deviation  of  the  magnetic  needle 
from  the  true  geographical  north. 

The  variation  of  the  magnetic  needle* 

The  declination  of  the  magnetic  needle  is  either 
E.  "or  W,     (See  Dtdination,  AngU  ^f. ) 

Declination^  or  variation,  is  different  at  dif- 
ferent parts  of  the  earth's  surface. 

Lines  connecting  places  which  have  the  same 
value  and  direction  for  the  declination  are  called 
isogonal  lines,  A  chart  on  which  the  isogonal 
lines  are  marked  is  called  a  variation  chart. 

The  value  of  the  decliaalion  varies  at  dif* 
fCTcnt  times.  These  variations  of  the  dechnabon 
are: 

(lO  Sfcular^  or  those  occurring  during  great 
intervals  of  time.  Thus,  in  London,  m  1580  the 
magnetic  needle  had  a  variation  of  about  1 1 
degrees  cast.  This  eastern  decimation  decreased 
in  1622  to  6  degrees  E.,  and  in  16S0  the  needle 
pointed  to  the  true  north*  In  1692  the  declina- 
tion was  6  degrees  VY,;  in  1 730,  13  degrees  W.; 
in  1765,  20  degrees  W.;  and  m  181H  the  needle 
reached  its  greatest  western  dechnation  and  is 


now  moving  eastwards.  The  decUnation,  W 
ever,  is  still  west, 

(2.)  Annua/,  the  needle  varying  sUghdyin  itt^ 
decimation  during  different  seasons  of  the  year. 

(34  Diurnal^  the  needle  varying  slightly  in  in 
declination  during  di^erent  hours  of  the  day. 

(4.)  Irregular ^  or  those  which  occur  during' 
the  prevalence  of  a  magnetic  storm. 

It  has  been  discovered  that  the  occurrence  of  1 
magnetic  storm  is  simultaneous  with  the  occur* 
rence  of  an  unusual  number  of  sun  spots.  (Set 
Spots^  Sitn,) 

Needle,  Magnetic*  Deflection  of 

The  movement  of  a  needle  out  of  a  position  of 
rest  in  the  earth's  magnetic  field  or  in  the 
field  of  another  magnet,  by  the  action  of  an 
electric  current  or  another  magnet. 

The  deflection  of  the  needle  is  sometimes  called 
its  elongation.  This  latter  term  is,  however,  bat 
little  used,  and  is  unnecessary. 

Needle,    Moguetie,     Dipping A 

magnetic  needle  suspended  so  as  to  be  Irec 
to  move  m  a  vertical  plane,  employed  to  de- 
termine the  angle  of  dip  or  the  magnetic  in- 
clination. (See  D/p,  Magnetic^  IncHnaii(fn, 
Magnetic^  Inclinometer,  Chari^  Imctint^ 
tt'on,] 

A  dipping  needle  is  shown  in  Fig.  406,   Be 


I 
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angle  B  O  C,  which  marks  the  deviation  of  ^^ 
needle  from  the  hontontal  position,  u  called  "^ 
angle  ot  dtp. 


[e,  HAffnetic,  Direetlre  Tendency  of 
tendency  of  a  magneljc  needle  to 
as  to  come  to  rest  in  the  direction  of 
of  the  earth's  magnetic  field, 
^directive  power  of  the  magnetic  needle  is 
[the  attraction  of  the  earth's  magnetic  poles 
I  poles  of  the  needle,  or  to  the  action  of  the 
1  magnetic  field.  Since  the  force  of  the 
I  magnetism  forms  a  couple,  there  is  no 
|cy  for  the  needle  to  move  bodily  forward 
^  either  of  the  earth's  poles.  Its  tendency 
Idy  to  rotate  until  it  comes  to  rest  within 
if^  ixf  the  earth^s  magnetic  fietd,  entering  at 
pth  pole,  passing  through  its  mass  and 
^  out  at  its  north  pole. 
fDurse  this  would  be  true  in  the  case  of  a 
^g  magnet  only  when  it  is  at  a  great  dis- 
ttom  the  needle.  Otherwise,  there  would 
tton  towards  the  poles  as  well  as  rotation. 

idle,  Magnetic,  Inellnallon  or  Dip  of 
fc-The  deviation  of  a  mechanically  bal- 
I  magnetic  needle  from  a  horiiontal  po- 

i  direction  of  a  magnetic  needle  in  all  parts 

f  earth,  except  at   the  magnetic  equator, 

from  a  level  or  horizontal  position.     One 

ids  inclines  or  dips  towards  the  ground. 

t/^  Afagn^iU.   AWd/^t  Magnet ii\  Dtj>/>ittg.) 

Ie»  Magnetic,  Orieiitatiou  of — 

»ming  to  rest  of  a  magnetic  needle  in 
h's  magnetic  field* 

Magnetic,  Variation   of — 

T  deviation  of  a  magnetic  needle 
le  geographic  north. 
5  declination  of  the  magnetic  needle. 

»dle  of  (HcUlation. — A  small  magnetic 
S  employed  for  measuring  the  intensity 
lagnetic  field  by  counting  the  number  of 
lions  the  needle  makes  in  a  given  time» 

disturbed  from  its  position  of  rest  m 
icld*  (Sec  Magnetitaiian,  InUnsiiy  of, 
,  IsodynamtC) 

\  use  of  a  magnetic  needle  m  dctermimng 
Ignetic  mtensity  of  any  place  i&  unalogous 
tise  of  the  pendulum  m  dctermmmg  the  m- 

ol  gravity  at  any  place. 

KMe,  for  example,  that  at  a  certain  place  the 

made  245  oaaUations  m  ten  minutes,  and 


that  at  another  place  it  made  sir  in  the  same 
tinac.  Then  the  relative  intensities  at  these  two 
places  would  be  as  the  square  of  these  two  num- 
bers, or  as  I  :  1.5483. 

Needk,  Teie^raphlc  — ^A  needle  em- 
ployed in  telegraphy  to  represent  by  its  move- 
ments to  the  left  or  right  respectively  the  dots 
and  dashes  of  the  Morse  alphabet.  (See 
Telegraphy,  Needle  System  a/.) 

Needle,  Tliroir  of  — A  phrase  some- 
times used  for  the  angular  deflection  of  a 
needle,  particularly  when  the  needle  is  swing- 
ing. 

The  displacement  of  the  magnetic  needle  is 
called  the  deflection,  the  elongation,  or  the  throw. 
The  first  will  appear  to  be  the  preferable  term 
when  the  needle  conies  to  rest  in  a  displaced  posi- 
Won, 

Negative  Charge.— (See  Charge,  Nega-- 
live,) 

Neifative  Dlrt^etlon  of  Elertrical  Con- 
vection of  Heat, —  (See  Direction^  Negatitfe^ 
of  Electrical  Convection  of  Heat.) 

Negtitive  Direct  ion  of  Siinpie-Marmonle 
Motion. — (See  M&tion,  Simple-Harmonic^ 
Negative  Direction  of.) 

Negrative  Electricity*— (Sec  Electricity, 
Negative.) 

Negative  Electrode,— (Sec  Electrode, 
Negative,) 

Negative  Element  of  a  Yoltaic  Cell.— 
(See  Ehmentf  Negative,  of  a   Voltaic  Cell.) 

Negative  Feeders,- (See  Feeders,  Nega^ 
tivc.) 

Negative  Oniniims  Bars,— (See  Bars, 
Negative  Omnibus.) 

Negative  Piiase  of  Elect  rot  on  as.— (See 
Electrotontis,  Negative  Phase  of) 

Negative  Plate  of  Storage  Battery,— 
(See  Plate,  Negative,  of  Storage  Cell.) 

Negative  Plate  of  Voltaic  Cell.— (See 
Plate.  Negative,  of  Voltaic  Cell,) 

Negative  Pole*— (See  Pole,  Negative,) 

Negati  ve  Potea  tlai,— (See  Potential,  Neg- 
ative,) 

Negative  Side  of  Circuit— (See  Circuit, 
Negative  Side  of.) 
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Ne^tire  Wir«.— (See  Wir^,  A*^ativf,) 

Ne^fttivelj.^In  a  negative  manner. 

Neg atUely  Exeiled.— Charged  with  nega- 
tive electricity.     (Sec  Eitcirictiy,  NigaihH.) 

Nerve  or  Hu^'olar  Fibre*  SsceUabillt)' 

•f  — (See    Exciiability,  Electric,    of 

Ncrife  or  Muscular  Fibred 

Nt*r?es,  Ai'tion  of  Electrieity  on 

Stimulating  and  other  actions  produced  in 
nenes  by  the  passage  of  electricity  through 
them,  dependent  on  the  direction  and  char- 
acter of  the  current.  (See  Elect  rot  onus. 
GaivaHi2atson,  Faradizathm^  Gaivano- 
Faradigati^n*} 

Ket,    Faratfaj's An  insulated  net 

of  cotton  gauze,  or  other  similar  material, 
capable  of  being  turned  inside  out  without 
being  thereby  discharged,  employed  for  de- 
monstrating that  in  a  charged,  insulated  con- 
ductor the  entire  charge  is  accumulated  on 
the  outer  surface  of  the  conductor. 


t  >    -^ 


Fij^,  407.    /*» raJay*  Ntt, 

Fskradij^s  net«  a$  shown  [n  Fig.  407,  ctmsists 
or  a  bag  N,  of  cotton  gauze,  or  mosqaito  netifog, 
supported  on  an  insuUting  stand  I.  When  tested 
by  a  proof  plane,  no  free  electric  charge  is  found 
on  the  iiiside,  though  such  a  charge  is  readily 
delected  by  ihe  same  means  nn  the  outside.  By 
the  atd  of  ihc  silk  strings  S,  S,  the  bag  can  be 
turned  inside  out,  when  the  charge  will  then  all 
be  found  on  the  then  inside,  or  the  now  outside. 
Faraday  was  in  the  habit  of  protecting  hi> 
delicate  electroscopes  against  outside  e1cctit6ca- 
tion  by  covering  them  with  gauze.  To  properly 
act  as  an  electric  screen,  the  gauze  should  be  con- 
nected with  the  oirth. 

Faraday  constructed  a  small  insulated  room, 


twelve  feet  in  height,  breadth  and  depth,  covered 
on  the  inside  with  tin*foil  and»  on  chaiigiiig  tiiit  | 
rcx>m  from  the  outside,  he  was  unahie  to  < 
the  presence  of  any  charge  on  the  inside^  even  by 
the  aid  of  his  most  delicate  instruments.     This  ] 
room  is  often  referred 'to  as  Faraday's  Cube. 

Nets,  Torpeflo Steel  wire  netting  1 

suspended  from  or  attached  to  a  ship's  side 
for  the  purpose  of  ensuring  protection  against 
nio\'ing  torpedoes.  fl 

Network    of   CnrreiitK~(See   Curremis^ 

Network  of.     Laws,  Kirckkoff*s.) 

Netitml      Armatore,— (Sec     Armature^ 

Neutral.) 

Netitrul  Ft'.eder.  —  The  feeder  that  is 
connected  with  the  neutral  or  intermediate 
terminal  of  the  d>'namos  in  a  three- wire  sys- 
tem of  distribution,    (See  Feeders^) 

NeiitFAl  Line  of  C4»iiiiiiat4iler  CjUiider. 
—(See  Line,  Neutral,  of  C^mmMimi^i^ 
Cylinder.) 

Neatml  •  Oinnibiiii  Bars,  —  (See  B4trs^ 
Neutral-Omnilms.) 

Neutral  Pt>liit— (See  P&int,  NeutraL) 

Neutral  Faints  of  a  Djnano-Eleftrto 
Mat'Iiine. — 1  See  Points,  Neutral^  0/  Dynamic 
Electric  Machine^ 

Netitro!  Points  of  MA^net.— (See  Poimi^ 
Neutral,  of  Magnet.) 

Nentral  Pnlnts  of  Themto-ElcctHe  Bin- 
irram. — (See  Points,  A'eufr.il   .,f  T^. 
Electric  Diagram,) 

N>ii!ral-Relay    Armature,- (Sec  A^ 

ture,  Neutral-Relay,) 

Nentral  Section  of  Mairiiel — (Sec  5^* 
Hon,  Neutral,  of  Afagnet,) 

Nentral  Wir^,— (Sec  Wire.  JVewfral) 

Neutral  Wire  Ampere-Meter.— (See  Am- 
p^re-MetcTt  Balance  or  Neutral  IVire,) 

New  Ohnu— (See  0km,  A*ew.] 

Nickel  Bat]u-(See  Ba/A,  NickeLy 

Nickelinur,  Bleciro El( 

with  nickeh     (See  Plating,  Elfctr^,] 

Nitkel<Platfn^,-(Sec  Platif^,  A'idkd:^ 

Ni^ht  Bell.- (See  J$r/A  NigJki:^ 
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Nodal  Pol  ut— (See  Point,  Nada/,} 

Naders  Electrical —  Pomts  in  an  open 

cuited  conductor,  through  which  electrical 

cHlations  are  passing,  which  possess  a  con- 
ktant  mean  value  of  potential,  while  the  poten- 

l  ai  its  ends  alternates  between  two  fixed 
limits. 

Points  on  a  conductor  where  the  strength 
of  the  induced  oscillatory  current  is  equal  to 
zero. 

The  nodal  points  on  aconduclor  through  which 

electrical    oscillations  arc  passing  therefore  cor- 

esponfi  closely  lo  the  nodes  on  a  vibrating  wire 

■  cord. 
^*   Hertz  employed    the   following   appara- 
ordcr  to  show  the  position  of  two  nodra 
in  t  conductor:    An  induction  coil,  A,  had  its  scc- 

dary  trrmtuals  coancctcci  a^  shown  in  Fig.  408, 


-@H 


f^p.  40S,     ffade*  in  CmUuct^r, 

10  two  metallic  spheres,  C  and  C\     The  spark  mi- 
crometer circmt,  a  c  d  b,  wa5  placed  near  it,  as 
shown,  and  the  sparking  distance  of  the  secondary 
Eircuit  of  the  induction  eoil  adjusted,  so  that  the 
park  micrometer  circuit  was  in  unison  with  it. 
i^hen  sparks  were  passed  between  the  terminals 
Tlhc  induction  coil  A,  sparks  passed  between  the 
rmtnais  1  and  2,  at  M,  under  the  influence  of 
ksonant  action. 
lf>  now,  a  second  mioometer  drcuit,  c  g  h  f, 
Hy  stmiLir  to  a  c  d  \\  was  added,  as  shown  in 
ore,  and  the  two  joined  near  the  terminals  1 
^3  4,  by  conducting  wires,  as  shown,  the  entire 
ystcm  of  the  micrometer  circuit  fonned  a  closed 
metallic   circuity    the    fundamental   vibration   of 
which  would  have  two  nodes,  one  at  the  middle 
point  of  c  d,  and  the  other  at  g  h.     The  inter- 
nodes  would  be  at  the  junctions  t  3,  and  2  4,  and 
under  these  circumstances  a  true  resonant   ac* 
tioD  existed  between  the  secondary  circuit  and  the 
nioMtiietcr  circuit,  as  was  shown  by  the  fact  that 
any  allcration  in  the  drcuit  e  g  h  f ,  whetiicr  by 


increasing  or  decreasing  its  length,  diminished 
the  sparking  distance.  Since  the  conductor  con- 
necting points  2,  and  4,  was  m  the  position  of 
the  nodci  where  the  strength  of  the  excited  oscil- 
latory current  was  tero,  its  remoral  from  between 
these  points  should  have  no  infl aence  on  the 
intensity  of  the  vibration.  This  was  found  on 
trial  to  be  the  case.  EUccthcat  vibrations  may 
therefore  he,  excited  by  electrical  resonance  in 
conductors  corresponding  not  only  to  the  simple 
fundamental  note  or  vibration,  but  also  to  the 
higher  electrical  overtones. 

The  apparatus  shown  in  Fig.  409,  from  Tesla, 
illustrates  the  phenomena  of  alternative  path,  as 
well  as  electric  nodes.  The  terminals  of  an  in- 
duction cod  arc  connected,  as  shown,  to  a  con- 
denser and  to  a  thick  copper  conductor.  Though 
the  two  incandescent  lamps  are  placed  as  shown, 
yet  they  arc  raised  to  luminosity  by  a  species  of 
brush  distharge  that  passes  through  thcni,  al- 
though they  would  be  short  circuited  lo  any  cur- 
rent but  an  oscillatory  discharge. 
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Fig.  40 g.    Nsdet  im  a  GmdticUr^ 

Nodular  Beiioait,  Electro- Me  tall  nnrfeal 

—(See  Deposit ,  Eiectro-Mctaliitrgic^ 

Noduiar^) 

^'oisy  Arc*— (See  Arc,  Noisy) 
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Nominal   Candle-Power.  —  (See    Power, 
Candle^  Nominal^ 
NonAutoinatle    Variable    ReHlstance.^ 

(See  Rest  stance t  Variable^  Non^Automaik.) 

Noit-Conduetors,  — Substances  that  offer 
so  great  resistance  to  the  passage  of  an  elec- 
tric current  through  their  mass  as  to  practi- 
cally exclude  a  discharge  passing  through 
them, 

N  jii  conductors  arc  called  insulators,  because 
they  electrically  insulate  substances  placed  on  or 
surrounded  by  them* 

The  terms  non  conductors  or  insulators  are 
ordinarily  used  in  a  relative  sense  to  nacan  bodies 
which  allow  no  practical  or  appreciable  current 
to  pass  through  them,  since  there  arc  no  sub- 
stances known,  apart,  perhaps,  from  the  universal 
ethcr^  that  absolutely  prevent  the  flow  of  an  elec* 
trie  current,  the  dilTerence  of  potential  of  which 
is  sufficiently  great 

The  entire  absence  of  ordinary  inaitcr,  as  in  the 
cose  of  a  high  vacuum,  appears  to  render  a  high 
vacuum  very  nearly,  if  not  entirely,  an  absolute 
insulator. 

Kon-ElecirJC!*.— A  term  formcriy  applied 
to  substances  like  metals  or  other  conductors 
which  appeared  not  to  become  electrified  by 
friction. 

The  term  non-electric,  was  used  in  con  trad  is- 
tinction  to  electrics,  or  substances  readily  elec- 
trifled  by  friction*  The  distinction  no  longer 
holds,  since  non  ejectrics,  if  insulated,  are  readily 
electrified  by  friction » 

Non-UoniiigeneoiB  Curreut-llistHhu- 
tlon. — (See  Current,  Nan-Homogen^ous, 
Distribution  o/,) 

Nofi-iniiiiiined  Electrode,— (Sec  EUc^ 
irode,  Non-Illumined^ 

Nnnltidactlve  Resistance,— (See  Rtsist- 

a Ht'e,  Noft'  indtictvife. ) 

Naii-0>4i  I  n  atory  DJ^M-han^ro.^  (Sec  Dis-^ 
charge^  Ahm-Oscil/atory,) 

Noit-Polarizoil  Armature,— (See  Arma- 
iure^  Nan  -  Polarized. ) 

Xan-PolariiaMe  Ehn'trodes*— (See  Elec- 
trodes, jVon  -Pol a  r  iza  Me, ) 

Non- Wasting:  Electrode,-  (S^^  Electrode, 
Non-  Wasting^ 


Normal  I>a3r»  Mairoetfc  — -  —(Sec  . 
Normal  Magnetic. } 

Northern  Llprht,— The  Aurora  Borealit 
(Sec  Aurora  Borealis,) 

Notation,  Algetirafc A  system  of 

arbitrary  symbols  employed  m  algcbnu 

The  followinjj  brief  description  of  the  notatitHi 
employed  in  algebra  is  for  the  use  of  the  non. 
mathematical  reader, 

Qtmniities  arc  represented  in  algebra  by  k 
ters,  such  as  a,  and  b,  k,  and  y,  etc. 

Addition  is  reprcacnled  thus:  a  +  b. 

Subtraeiian  is  represented  thus:  a— b. 


^ 


simply  by  writing  the  letters  neatt  to  each oi 

Division  ia  rqirescntcd  thus:  a  -«-  b,  or — 

t» 

An  Exponent t  or  figure  placed  to  ike  rigki  of  i 

letter,  nh&i'e  it  as  a*,  indicates  that  the  qmniity 
represented  by  a^  is  to  be  muitiplied  by  itsdf  thrct 
times,  as  a  X  3'  X  Af  or  a  a  a. 

A  Coepcitnty  or  figure  placed  to  the  Itjt  of  » 
quantity,  indicates  the  number  of  times  that  qoan 
tity  is  to  be  taken;  thus,  3  a,  indicates  that  a  ii  to 
be  addfd  three  times,  thus:  a4-a-|-a,  orjxa 

A  Paduat  Siqn  or  Poot<,  thus  \/a,  or  'v/i- 
indicates  that  the  square  root  of  the  quaabty  a, 
is  to  be  taken.  In  the  same  manner  iv^uidi- 
catcs  that  the  cube  root  of  a  is  to  tjc  taken. 

These  csprettions  are  sometimes  vrrittea  i',  or 

at. 

Equality  ii  indicated  thu*:  a>=aXaX>.« 

•*  =  V^ 

A  negative  exponent  a'*  indicates  2.  or  u  Ibe 

a* 

eicponent  of  the  reciprocal  af  the  quantity  utdi- 
cated. 

Nnll    or    Zero    lfetliod,**(See  Mdhod, 

Null  or  Zero.) 

Null  Poljit-^Sce  Poini.  NuU,) 

Number,  Blaerltical —Such  a  num- 
ber of  ampere-turns  at  which  a  given  cote 
would  receive  a  magnetization  equal  10  luU 
saturation. 
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£1. — A    contraction    (or    megohm,      (Sec 
Ojhft,  Meg.) 

<w, — A  conlraction  for  ohm,     (See  OAm.) 
Obseare  Heat.— (See  //^ai,  Obscure.) 
OliserTatloii  Mine.— (See  Mine,  Otserva- 
iion,) 

Obserratorj,  Muiernolic hn  cheer- 

vatory  in  which  observaiions  of  the  variaiions 
in  the  direction  and  intensity  of  the  earth's 
magnetic  6etd  are  made, 

Xfagnetic  observatories  are  generally  furnished 

with  self  registering  magnetic  apparatus,  such  ai» 

tnagH^tographt^     magn^tomfirrs,      imlhwmeiers. 

(Sec  Magnetometer.     Ma^ttetograph,     Jmlifwrnc- 

ter,) 

jl  Magnetic    obscnratories    arc    geacrally    con- 

^Hitrvcted  entirely  of  non-roagnctic  materials;  that 

^H^  of  such  materials  as  are  destitute  of  paramag- 

^Hw^/iV  preperiiei, 

^m     Obtnso  Augle,— (See  Angle,  Obtuse) 
^K     Occlusion  of  Gasu— (See    Gas,  Occlusion 

^H    04loracopc«--An  apparatus   in  which  the 
^Bjctermination  of  an  odor  was  attempted  by 

the  measurement  of  the  effect  the  odorous 

vapor,  or  effluvia,  produced  on  a  variable 

contact  resistance. 

The  microtasimittr  was  used  in   cotuicction 

with   the  odorscope.      (Sec   Dtagometfr^   J^&us- 

Sfatt*s,     Microtasinuiir,) 

Orrntedt,  An — A  proposed  term  for 

iJic  unit  of  electric  current,  in  place  of  an 
amp^. 
The  term  has  not  been  adopted. 
Ohm. — The  unit  of  electric  resistance. 
Such  a  resistance  as  would  limit  the  flow 
of  electricity  under  an  electromotive  force  of 
iC  volt  to  a  current  of  one  ampere,  or  to  one 
ulomb  per  second.    (Sec  UniL  B.A.    Ohm, 
Ohm,  Standard) 
Value  eqyal  to  fo^  absolute  electro-mag- 
ietic  units. 
A  value  which  is  represented  by  a  velocity 
of  10  ,  or  1, 000.000,000  centimetres  per  second. 


It  may  be  difficult  at  first  to  sec  how  resistance 

can  \x  correctly  represented  by  a  velocity.     The 

following  consideration  may  render  this  clear  : 

The   formula    for    calculating    the   velocity   Is 

D 
V  :=  ,p,  or  the  velocity  equals  the  distance  passed 

through  in  unit  time.  Now,  by  examining  the 
formuU  for  the  value  of  the  resistance,  cxpressc^d 
in  terms  ot  the  electro-magnctic  units  (see 
Umis,  Ehc(r0.MagH€lk^  Dimemions  cj)^  it  may 
be  icen  to  ht  that  resistance  =^ 

Electromotive  force  L 

Curieiit.  T" 

But  this  value  is  of  the  nature  of  a  velocity, 
being  equal  to  the  length,  divided  by  the  time. 
Resistance,  Ihereforet  has  the  dimensions  of  a 
velocity. 

This  ii  cleariy  expressed  by  Silvanus  P.  Thomp- 
f-on  in  his  **  Elementary  Lessons  in  Electricity 
and  Magneliam, "  as  follows,  viz.:  **  Suppose  we 
have  a  circmt  composed  of  two  horizontal  coils, 
C  S,  and  D  T  (Fig.  410),  i  centimetre  apart, 
joined  at  C  D»  and  completed  by  means  of  a 
sliding  piece,  A  B.  Let  this  variable  circuit  be 
placed  in  a  uniform  magnetic  field  of  unit  inten- 
sity, the  lines  of  force  being  directed  vertically 
downwards  through  the  circuit. 

'^If,  now,  the  slider  be  moved  along  towards 
S  T,  with  a  velocity  of  n,  centimetres  per  second, 
the  numl>er  of  additional  lines  of  force  embraced 
by  the  circuit  will  increase  at  the  rate  of  n,  per 
second  ;  or,  in  other  words,  there  wilt  be  an  in- 


Fig*  4  to.     hts.iitanc£  tXi  a  i'tlocity. 

(/w^-^i/ electromotive  force  impressed  upon  the  cir* 
cuit,  which  will  cause  a  current  to  flow  through 
the  shdcr  from  A  lo  H.  Let  the  rails  have  no 
resistance,  then  the  strength  of  the  current  will 
depend  on  the  resistance  of  A  B.  NoWj  let  A  B, 
move  at  such  a  rate  that  the  current  shall  be  of 
unit  strength.  If  its  resistance  be  one  absolute 
(electro-magnetic)  unit,  it  need  only  move  at  the 
rate  of  I  centimetre  per  second.  If  its  resistance 
be  greater,  it  must  move  with  a  proportionately 
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greater  velocity  ;  the  velocity  at  which  it  must 
move  to  keep  up  a  current  of  unit  strcDgtli  being 
numericftlly  equal  to  its  resistance.  The  resists 
ame  knimm  as  *'  /  ohm  *'  is  intend td  to  he  lo^  al>- 
soiuU  tietiro-magtudc  tmiti^  and^  therefore^  is 
re^ismttd  by  a  ^ociiy  0/  lo*  cefUimetres^  or 
J 0^000,000  m^iris  (/  earth-quadrant)  ^er 
secondy 

Oil  in,     B.    A. A    contraction     for 

British  Asscx;iation  ohm. 

Ohm,  Board  of  Tr»do A  unit  of  re- 
sistance as  determined  by  a  committee  of  ihe 
English  Board  of  Trade. 

A  committee  consisting  of  Sir  \V.  Thomson, 
Ijord  Raykigh,  Dr.  J,  Hopkinsoa  and  other 
authorities  appointed  by  the  Board  of  Trade 
(England)  has  rccenily  recommended  that  the 
ohm  he.  taken  as  the  resistance  of  a  column  of 
mercury  106,3  centimetres  in  length  and  one 
square  millimetre  area  of  cross-section  at  o  dc 
grccs  C.  and  since  this  value  a^jrccs  with  the  l«st 
experimL-ntal  results,  it  will  probably  lie  generally 
and  finally  adopted. 

Olim,    Brltbk    AsMiK'tntion The 

Brilish  Association  una  of  resistance, 
adopted  prior  to  1884, 

The  ¥alue  of  the  unit  of  electric  rcttstance,  or 
the  ohm,  was  determined  by  a  Committee  of  the 

British  Association  a*  being  equal  to  the  resisitancc 
at  o  degree  C.  of  a  column  of  mercury  t  square 
millimelre  in  area  of  cross -section  and  104*9 
centimetres  in  length.  This  length  was  taken  as 
coming  nearest  the  value  of  the  true  ohm  dc- 
auced  experimentally  from  certain  theoretical 
considerations.  Subsequent  re  determinations 
showed  the  value  so  obtained  to  l>e  erroneous. 

The  value  of  the  ohm  ii  now  taken  intcmation* 
ally,  as  adopicd  by  the  International  Electric 
Congress  in  1S84,  as  the  resistance  of  a  column 
of  mercury  106  centimetres  in  length,  and  I 
square  millimetre  in  ana  of  cross  section.  This 
last  value  is  called  the  Iv^nl ohm^  to  distinguish  it 
from  the  B.  A.  ohm,  wLich,  as  above  stated,  ia 
equal  to  a  mercury  column  104.9  centiractrcs  in 
length.  Usage  now  sanctions  the  use  of  the 
word  ohm  to  mean  the  legal  ohm. 

This  value  of  the  legal  ohm  is  provisional  until 
&e  exact  length  of  the  mercury  column  can  be 
inally  determined.     (See  Ohm^  Botird of  Ttdde.) 

The  following  are  the  rdatfve  values  of  these 
imits,  viz.: 


I  legal  ohm. *.. .  ==  1. 01 12  B,  A.  ohir. 

•  *      **     =  1 .0600  Siemens  umt. 

I  B.  \^  ohm. ==    .9S89  legal  ohm. 

1      "       **    , =  I  chSj  Siemens  unit. 

1  Siemens  unit =    .954^0  B.  A.  ohm. 

*  *  *•    =    -9434  '«S^  *^^^ 

Olim,  Legal —The    resistance  of  ^ 

column  of  niercur)'  I  square  milUmctrt  m 
area  of  cross-section,  and  106  centimetres  m 
length,  at  the  temperature  of  o  degree  Cor 
52  degrees  F,     (See  Unit,  B.  A  J) 

t  ohm  =  1.00112  B.  A.  units,.  This  va'ue  at 
the  ohm  was  adopted  by  the  Ini«rrmibDnat  Ekc< 
trie  Congress,  in  1884,  as  a  value  tbat  sliould  be 
accepted  intern  a  tioniUy  as  the  true  valu:  of  the 
ohm.  This  value,  however,  was  provisional^  tnd 
was  never  actually  legalized.  It  will  probabiybe 
replaced  by  the  new  (106  3  cm.)  ohm.  (Sit 
Ohm,  Board  of  Tradt,) 

Olim,  Meg One  million  ohms. 

Ohm,  New — A  term  so:neti-nc3  u^ct] 

for  the  Board  of  Trade  ohm.  (See  Ohm, 
Board  of  Trade) 

Ohm,  HUmdard —A  length  of  wire 

having  a  rt*-sistance  of  the  value  of  the  inic 
or  Icgfal  ohm,  employed  in  standardizing  it- 
sistance  coils. 

The  standard  ohm,  as  issued  by  Ihe  Electa: 
Standards  Committer  of  England,  h»  the  fef» 


fig  4 If,     StiHui^rd  Ohm, 

sh^wn  in  Fig.  411.  The  coil  of  wire  is  finnei 
of  an  atloy  of  platinum  and  silver,  iasulatiei  bf 
silk  covering  and  melted  paraffined  Us  eids  trt 
soldered  to  thick  copper  PoJs  r,  t\  fior  lOdf 
connection  with  mercury  cups.  The  cofl  til 
D.  The  space  above  it  at  A,  is  filled  with  parsllae, 
except  at  the  opening  t,  which  is  provided  tor 
the  insertion  of  a  thermometer. 


NmuJ 

Dlllll«   True An   ohm    ha\nng    the 

inic  tbcorclical  value  of  the  ohm.    (See  OAm.) 

MlMaf«>.--The  value  of  the  resistance  of* 
La  circuit  expressed  in  ohms. 

Mmic  Besistanco.  —  (See  Kesisfance, 
\  Ohmic  or  True.) 

Olaiumeter*— >A  commercial  galvanometer, 
devised  by  Ayrtonjor  directly  measuring  by 
[the  deflection  of  a  magnetic  needle*  the  re- 
sistance of  any  part  of  a  circuit  through 
vhich  a  strong  current  of  clectncity  is 
riowmg, 

Ayrton'i  ohmmcter  is  representcrl  d  tag  ram - 
matically  in  Fig.  412,    Two  cods  C  C,  and  c  c, 
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Fig*  4  MX*    4yrUm*t  OJkmmHtr. 

coosistiDg  of  a  short  thick  wire,  and  a  long  thin 

rire,  respectively,  are  placed  at  right  angles  to 

ch  other,  and  act  on  a  soft  iron  m-tMe  situated 

\  diown.     ITie  short,  thick  wire  coil  C  C,  is  con- 

in   Sfrifs  with  the  resistance  0»   to   lie 

tncuured.     The  long,  fine  wire  coil»  of  Jtn(r7vn 

^gk  resist ancr^  is  placed  as  a  shunt  to  the  un- 

known  resistance. 

Under  theic  circumstances,   it  can  be  shown 

that  the  action  on  the  needle  is  that  due  to  the  ratio 

of  the  difference  of  potential  at  the  terminals  of 

tlic  unknown  resistance  and  the  current  strength 

E 
the  thick  wire  coil,  or  R  =  — ,    as  may  l>c 

'  deduced  from  Ohm's  liw. 

The  coils  are  so  proportioned  that  the  current 
^^«  Kifhen  flowing  through  the  short  thick  wire  moves 
^Mlbc  needle  to  the  zero  of  the  scale,  white  the  long 
^^Kfbin  wire  produces  a  deflection  directly  propor- 
^^^kinal  to  the  resistance. 

I  Olnu's  Law. — (See  Law  of  Okm^ 

Oil.  Colza ^ — -  •  An  oil  obtained  from  the 
seed  of  the  Brassica  oleracca.  a  species  of 
cabbage. 

CoUa  oil  ia  extensively  used  for  purposes  of  il- 
hmdxiAtion  and  in  the  carcel  standard  lamp.   (Sec 


OH  Cup.— A  cup  containing  oil  for  lubri 
eating  machinerj'. 

Oil  InaiilAtor.~(See  Insulator,  OiL) 

Oil  Transformer,— (Sec  Transformer, 
OiL) 

Oilien  Auloiuatic An  oil  cup  or  res- 
ervoir that  automatically  spreads  oil  over  the 
bearings  of  machinery  m  motion. 

Olconlte,— A  variety  of  insulating  material. 

Otiiiiil>itH  Bars.— (See  ^arj.  Omnibus) 

Omnibus  Wires.— (See  Wires,  Omnibus) 

Opacity,  Selciitlvo Opaque  in  a  cer- 
tain direction  or  directions  only. 

Certain  substances  are  opaque  to  polarized  light 
in  certain  planes  only.  Thus^  a  plate  uf  tuurma^ 
line  permits  light  polarizfd  in  a  ceHam  plane 
freely  to  pass  throu;;^li  it,  but  is  entirely  opaque 
in  a  plane  at  right  angles  tlicrcto. 

S*  P.  Thompson  and  L<:Klgc  have  shown  that 
such  crystals  of  totirni aline  possess  curious  prop- 
erties \\\  regard  to  the  conduction  of  heat.  \Miile 
warm  tng,  the  crystal  conducts  heat  better  in  a  cer- 
tain direction  than  in  the  opposite  direction,  WTiile 
cooling,  exactly  the  opposite  effects  are  observed. 
In  the  same  manner,  while  the  crystal  is  rising  in 
tenipcrntiirc^  there  is  an  accumulation  of  positive 
electricity  at  ot\^  end,  ani  negative  at  the  other. 
While  the  crystal  is  cooling,  the  rcTcrsc  is  true. 

OiK^n-Box  Conduit,- (SeeO?»i^«//,  Open-^ 

Box) 

Open  Clrcttlt.— (See  Circuii,  Open) 
0]M*u-Cirf  uit     Electric     Oi^illoticnw*— 

(Sec  Osci/iaiions,  Open-Circuit,  Ei^ctric) 
Opea-Clrrtiil  liidiietion.— (See Induction, 

Open-Ciriuit) 
Oiwn-Circnit  Oscillation,  PeriiKl  of 

—The  time  in  which  the  oscillations  set  up  in 
a  circuit  by  electrical  resonance  require  to 
make  a  complete  one  to-and-fro  motion. 

Hie  period  of  an  open -circuit  electric  oscillation 
is  determined  by  the  product  of  the  co-cfificients 
of  self-induction  of  the  conductor,  and  does  not 
depend  on  the  composition  of  the  terminals.  It  is 
practically  independent  of  their  resistances. 

Open-Cir^ult  Stttf  le-Cnrrent  Sigtialing^.— 

(See  Signaling,  Singk^Current .  Optn- 
Circuit) 
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Open-Circuit  Voltaic  Cell.— (Sec  Ceil, 
Volia ic,  OptH- Crriu it .) 

Oiien^Ireiiit  Voltmeter— (Sec  Volt- 
meter, Open-Circuit. ) 

Opeii-Cireiiited- — Put  on  an  open  circutt. 

Opeu-Cireuited  Condnctor, — (See  Con- 
ductor ^  open-Circuited,) 

Open-Circniied  Tltermostat.— (Sec  Titer- 
mosfat,  Open^Circuit,) 

Open-CoH  I>r«ni  Bynamo-Eleetric  Ma- 
cliine.^(See  Machine,  Dynamo- Electric, 
Open-Coil  Drum.) 

Open-Coil  DynamoEleetric  Macliiiie,— 
(See  Machine,  Dynamo^ Electric,  Open-Co iL) 

Open-Coil  Riii|^  Djnnmo-Electrk  Ma- 
chiae.— (Sec    Machine,    Dynamo-Electric, 

Open-Coil  Eing) 

Open-Ir«>n-Circiiit  Traiisrormer,^(Sec 
Transformer,  Open^Iron-Circuit.) 

Open-Iron  Mag'netie  Ci  re  nit— (See  Cir- 
cuit, Open- 1  ran  Magnetic.) 

Oppn  Magnetic  Core* — (See  Core,  Open- 
Mag  mtit\) 

Openirij^  Shocks — (See  Shock,  Opening,) 

Opemtion,  Magnet The  use  of  a 

mas^net  lor  the  purpose  oC  removing  particles 
of  iron  from  the  human  eye. 

Optical  Strain.— (Sec  Strain,  Optical.) 

Optical  Strain,  Eieetni- Magnetic  — -  — 

(See  Strain,  Optical  Electro- Magnetic) 

Optical  Strain,  Electrostatic (Sec 

Strain,  Electrostatic,  Optical,) 

Optica,   Electro —That   branch  of 

electricity  which  treats  of  the  general  relations 
tiiat  exist  between  light  and  electricity. 

The  phenomena  of  electro -optics  may  be  ar^ 
ranged  under  the  following  heads,  viz.: 

(I,)  Electrostatic  stress,  produced  by  an 
electrostatic  ^eld  causing  an  optical  sirain  in  a 
transparent  medium,  whereby  such  medium 
acquires  the  property  of  either  rotating  the  plane 
of  potarizaUon  of  a  beam  of  plane  polarized  light, 
or  of  doubly  refracting  tight. 

(2.)    Electro  magnetic    stress    produced   by  a 


magnetic  field  caui^ing  an  optical  strain  in  a  tranf^ 
parent  medium,  whereby  such  medium  acquires 
the  property  of  either  rotating  the  plane  of  (>olar- 
ization,  or  of  doubly  refracting  light.  (Sec  ^f- 
fr action^  Double,  Eltctrk,) 

(3.)  Changes  in  the  electric  resistance  of  bodies 
caused  by  the  action  of  light.  (Sec  Ctlt^  Sdt* 
nium. ) 

(4,)  The  relation  existing  between  the  values  of 
the  index  of  refraction  of  a  transparent  medium 
and  its  specific  inductive  capacity.  (See  Refrm- 
tioH,     Capacity^  Specific  Mtittctive. ) 

Thia  relation  has  been  shown  to  be  as  follows : 

The  specific  inductive  capacity  is  approxi- 
mately equal  to  the  square  of  the  index  of  re- 
fraction. 

(5«}  The  relation  existing  between  the  velocity 
of  light  and  the  value  of  the  ratio  of  electrostatic 
and  the  electro- magnetic  units,  thus  giving  a 
basis  for  an  electro- magnetic  theory  of  light* 
(See  Light,  Max^velPs  Etectro-Magnetic  Thtmr 
of,) 

Polarized  light  reflected  from  the  sur&oc  of  a 
magnet,  although  it  penetrates  the  substance  to 
but  a  trifling  extent*  yet  has  its  plane  of  polarisa- 
tion distinctly  rotated  by  the  magnetic  whirls  ia 
the  iron. 

Oral  or  Spcnkine-*Tal>e  Annnnclatur.^ 

(See  Annunciator,  Oral  or  Speaking-  Tube,) 
Onllnate. — A  distance  taken  on  a  per- 
pendicular line  called  the  axis  of  ordinates.  in 
contradistinction  to  the  axis  of  abscissas. 
(See  Ordinates,  Axis  of) 

Thus  in  Fig.  413,  D  I,  is  the  ordinate  of  the 
point  D,  in  the  curve  O  D  R* 

Ordiuates  Axis  of One  of  the  axes 

of    co-ordinates    used  g 
for     delermining    the 
position  of  the  points 
in  a  cun.-ed  line. 

Thus  in  Fig.  413  the 
line  A  B,  is  called  the  axis 
of  ordinates  because  it  is 

the  line  on  which  the  or-      .        ^  ^ 

dinate  2  D.  is  measured.   ^^^  ^^^     A^n^^Ordi^ 

Ore^     Electric  **"'• 

Treatment  of Processes  for  the  cs- 

traction  of  metals  from  their  ores. 

These  processes  are  referable  to  three  dis- 
tinct classes,  viz, : 


— \D 


(t-)  Those  in  which  thcreducUon  is  effected  by 
me  4ns  of  heat  of  cLectrk  origin. 

(2,)  Those  in  which  the  reduction  is  effected  by 
Ihe  combined  action  of  heat  and  electrolysis. 

(3.)  Those  in  which  the  reduction  15  elTectedby 
means  of  electrolysis  only. 

Org^&n,  Electric A  wind  organ,  in 

which  the  escape  of  air  into  the  different 
pipes  is  electrically  controlled. 

In  ftn  electric  organ,  the  keys,  instead  of  oper- 
ating levers,  as  usual,  to  admit  the  passage  of  air 
into  the  pipes,  merely  complete  the  circuit  of  a 
hsttcry  throagh  a  series  of  controlling  electro,  mag  - 
nets.  With  such  an  arrangeme^tt  the  keyboard 
can  be  placed  at  any  desired  distance. 

Electric  organs  have  been  constructed,  in  which 
a  chemical  or  mechanical  record  is  made  of  the 
notes  struck  by  the  performer,  as  well  as  the 
musical  value  of  such  notes.  By  such  a  device 
the  musical  creations  of  a  composer  are  perma- 
nently recorded  in  characters  that  are  capable  of 
interpretation  fay  a  compositor  skilled  in  musical 
notation. 

Orientation  of  Magnetic  Neodle.^ — (See 
AV*'^//^,  Magnetic,  Orietttatwn  of,) 

Origin*  Point  of The  point  where 

the  axes  of  co-ordinates  start  or  originate. 
(See  Coordinates^  Axes  of.) 

Ortliogronal.— Rectangular^  or  right-an- 
gled. 

Oscillating  Dine harge.— (Sec  Discharge, 
Oscillating,) 

Oscillating  Needle.— {See  Needle  ofOscil- 

^POsc illation,  Centre  of  — ^A  point  in 

3  body  swinging  like  a  pcndulmn^  which  is 
neither  accelerated  nor  retarded,  during  its 
oscillations,  by  the  portions  of  the  pendulum 
that  are  situated  respectively  above  or  below  it. 
If  all  the  mass  were  concentrated  at  the  centre 
of  osdUation  the  time  of  osciliatton  would  be  the 


The  centre  of  oscillailon  is  always  below  the 
centre  of  gravity.  The  vertical  distance  between 
the  centre  of  oscillation  and  the  point  of  support 
of  a  pendulum^  determines  the  virtual  length  of 
the  pendulum,  and  hence  its  number  of  vibra- 
tions  per  second.     (Sec  Pendulum^  Laws  sf. ) 
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OHeillation«$,   Electric The  series 

of  partial^  intermittent  discharges  of  which 
the  apparent  instantaneous  discharge  of  a 
t^yden  jar  through  a  small  resistance  actu- 
ally consists. 

These  partial  discharges  produce  a  series  of 
electric  oscillations  of  the  current  in  the  circuit  of 
the  discharge,  which  consist  of  true  to-and-fro 
or  back  ward -and'for  ward  motions  of  the  dec* 
tricity.  This  phenomenon  was  discovered  by 
Joseph  Henry. 

Oseniutions,  Open-Clrcait,  Electric 

— Electric  oscillations  produced  in  open  cir- 
cuits by  the  presence  of  electric  pulses  in 
neighboring  circuits. 

Oj^elllatory  Dii^harge,— (See  Discharge, 
Osiiliatorw) 

OM'illaiory  Electric  Bis  placement — ^(Scc 
Displacement,  Electric,  Oscillatory,) 

0?^!iIiati>rj  EiwtroniotlTe     Force.— An 

electromotive  force  which  is  rapidly  periodic. 

Ojicillatory  Indnctaiiee. — (See  Induc- 
tance, Oscillatory,  Electric.) 

Oscillatory  Itiductlon, — (See  Induction. 
Oscillatory,) 

O^mo^e. — The  unequal  mixing  of  liquids  of 
different  densities  through  the  pores  of  a 
separating  medium. 

If  a  solution  of  sugar  and  water  be  placed  in  a 
blarldcr,  the  neck  of  which  is  tied  to  a  straight 
glass  tubc^  and  the  bladder  is  then  immersed  in  a 
vessel  of  pure  water  with  the  tul^  in  a  vertical 
position,  the  two  liquids  will  begin  to  mix,  the 
sugar  and  the  water  passing  through  the  bladder 
into  the  pure  water,  and  the  pure  water  passing 
into  the  sugar  and  water  in  the  bladder.  This 
iatter  current  is  the  stronger  of  the  two,  as  will  be 
shown  by  the  water  rising  in  the  vertical  glass 
tube. 

The  stronger  of  the  two  currents,  that  Is,  the 
one  directed  towards  the  higher  level,  or  the  one 
which  produces  the  higher  levels  is  called  the  en- 
dosmotk  current^  and  the  weaker  current  the 
exosmotic  current. 

Osmose,   Electric A  difference  of 

liquid  level  between  two   liquids    placed   on 
opposite  sides  of  a  diaphragm  produced  t 
the    passage    of    a  strong    clectnc  currci 
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through  the  liquids  between  two  electrodes 
placed  therein. 

The  higkrr  Itvei  is  on  thf  side  t&tuards  whit  A  the 
eurrent  fiiTiVs  through  the  duphragm,  thus  appa- 
rently indicating  an  onward  motion  of  the  liquid 
with  the  current,  or.  tn  other  words,  the  liquid  i-t 
higher  around  the  kathode  than  around  the  an^de. 
The  difference  of  level  is  most  msu-ked  when 
poorly  conducting  liquids  are  employed. 

As  a  converse  of  this,  Quincke  has  shown  that 
electric  currents  are  set  up  when  a  liquid  is  forced 
by  pressure  through  a  porous  diaphragm.  The 
term  diaphragnt  nir rents  has  been  proposed  fnr 
these  currents.  Their  electromotive  force  depends 
on  the  nature  of  the  liquid,  on  the  material  of  the 
diaphragm,  and  on  the  pressure  that  forces  the 
liqtitd  through  the  diaphragm.  (Sec  Phtnomena^ 
Electro^ Capillary.    Currents^  Diaphragm.) 

Osmotic*— Of  or  pertaining  to  osmose. 
(See  Osmose,) 

Oiiteotnmc,    ElwtHc A   revolving 

electrically  propelled  saw,  employed  in  the 
surgical  cutting  of  bones. 

An  electric  osteotome  consists  essentially  of  a 
form  of  revolving  engine  know^n  as  a  dental  en^ 
ginc»  fymished  with  a  circular  saw,  or  other  ro- 
tary cutter,  driven  or  propelled  by  electridty. 

Oat«ro!n^  CaiT<siit— (Sec   Current,  Chtt- 

Oattet— In  a  system  of  incandescent  lamp 
distribution  the  places  in  a  building  where 
ihc  fixtures  or  lamps  are  attached. 

The  outlets  are  left  in  a  building  by  the  wire* 
man  for  the  electric  fixtureman  to  attach  the  de» 
Yice  intended  to  be  used  on  the  drcnits  90  pro- 
vided. 

Oatpat,  Migni^tie The  product  of 

the  magnetic  flux  by  the  magneto-motive 
force. 

Oittpnt  of  Dynftmo-Electric  Machiiir. — 
(See  Machine,  Dynam(hEUctri€,  Output  of,) 

Outrigger  for  El€>etric  LamfK— A  device 

for  suspending  an  electric  arc  lamp  so  as  to 
cause  it  to  stand  out  from  the  wall  of  a 
building. 

An  outrigger  and  hood  with  lamp  attached  are 
ihown  in  Fig.  414. 


Outrigger  Torpedou  -  (See  Torpedo,  OuU 
rigger.) 

OTer-Componnded.— The  compounding  of 
a  dynamo-electric  machine  so  as  to  pn 


Fig.  414.    Outriggtw^  am/  MmH 

an  increase  of  voltage  under  increase  of  load. 

Over  compounding  is  generally  employed 
compensating  for  drop  or  loss  of  potcnttil  in 
line  or  conductor,  and  is  adjusted  to  a  definite 
percentage  of  increase  from  tight  to  full  loiad  hm 
accordance  with  the  amount  of  drop,  or  loss*  feir 
which  such  compensation  was  designed. 

Overhead  Llnesu— (Sec  Lines,  Oxvr^in^.] 

Overhead  System,  Conllnttoiis,  of  Motffci 
Power  for  Electric  lUilriNMls (S 

Riiilroaih,  Electric,    C^niimwms   Over  A 
System  of  Motive  Power  for,) 

Orerload  of  Eleetrie  Motor.— (See  M^ff^ 
Electric^  Overload  of.) 

Orcrtoiiesu -Additional,   faint    tones* 
companying   nearly    every    distinct   musieaT] 
tone,  by  the  presence  of  which  the  pecultant)* 
or  quality  of  such  tone  is  produced*    (Str 
Sound,  Characteristics  of.) 

Orprtones,  Eleetrte Electric  vibra- 
tions produced  in  open-circuited  conductors 
by  electric  resonance,  of  higher  rates  than  the 
fundamental  vibrations. 

The  existence  of  electrical  overtone  neccs$iLatCi 
the  existence  of  electric  nodes.  (Sec  X^fdti^  Eiti- 
irical.) 

Overtype  nynAmOL— (See  Dynmma^  Ov^ 
type:) 
Ozlte. — An  insulating  substance. 
Ozokerite. — An  insulating  substance. 
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Osoneii — A  peculiar  modification  of  oxygen 

rfiich    possesses    more    powerful   oxidizing 

properties  ihan  ordinary  oxygen. 

_     Osone  is  now  jfenerally  belicYcd  to  be  tri- 

latamic  oxygen,  or  oxygen  in  which  the  bonds  are 

xlosed,  thus: 
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The  peculiar  smell  observed  when  a  torrent  of 
electric  sparks  passes  between  the  terminals  of 
a  Holt!  machine,  or  a  Ruhmkorff  coil,  is  caused 
by  the  ozone  thus  formed. 

In  a  similar  manner  ozone  Is  formed  in  the  at- 

h 

^M  P.  D.  <^r  pw  d. — A  contraction  frequently  em- 
^■bt^yed  for  difference  of  potential.  (See  Paten- 
^^iai.  Difference  of.) 

Pacfnotti  Prujoctions. — (See  Projeciwm, 

Paeinofti  Riiif.— (See  Ring,  Pacinoiti) 

Pftir,  AsUtlr  — -  —A  term  sometimes 
applied  to  an  astatic  couple.  (See  Couple^ 
Asiaiit.) 

Palladiuiii.^ — A  metal  of  the  platinum 
group. 

Metallic  palladium  has  a  tin-white  color,  and, 
when  polished,  a  high  metallic  lustre.  It  is 
and  ductile,  and,  like  iron,  can  be 
FIeI  a  white  hcaL  It  is  very  refractory  and 
possesses  in  a  market!  dirgrec  the  power  of  ab- 
sorbing or  occluding  hydrogen  and  other  gases. 
It  is  not  affected  by  oxygen  at  any  temperature, 
nor  readily  affected  by  ordinary  corrosive  agents. 

■   Panndluiu     AHoj,— (See     Ailiy,     Pal^ 

Pftiie,  XJigic A  condenser  formed 

of  a  sheet  of  glass  covered  on  one  side  with 
pieces  of  tin- foil  with  small  spaces  between 
them  pasted  in  some  design  on  the  glass. 

On  the  discharge  of  a  Leyden  jar  through  these 
j^ctalhc  pieces,  the  design  is  seen  as  a  series  of 
Ktinutc  sparks,  which  bridge  the  spaces  between 
*  adjacent  piec^  of  foil. 


mospherc  during  the  passage  through  the  air  of  a 
ftash  of  lightning. 

During  the  so-called  electrolysis  of  water,  a  com- 
pound formed  by  the  union  of  two  volumes  of 
hydrogen  with  one  volume  of  oxygen,  some  of  the 
oxygen  is  given  off  in  the  form  of  02one.  Since 
ozone  has  a  somewhat  smaller  volume  than  that 
of  the  oxygen  forming  it,  the  volume  of  the 
oxygen  liberated  is  somewhat  le»  than  half  the 
volume  of  the  hydrogen. 

There  arc  a  number  of  different  fortni  of  ip» 
paratus  designed  for  the  production  of  osone. 
They  consist  essentially  cither  of  means  for  pass- 
ing a  torrent  of  riectric  sparks  through  au-  or  for 
producing  a  species  of  polarisation  in  the  air. 


Pantelegrapliy.— A  system  for  the  tele- 
graphic transmission  of  charts,  diagrams, 
sketches  or  written  characters. 

Pantel^raphy  k  more  frequently  called  fac- 
simile telegraphy.    (See  Telegraphy^  Fa€'Simiie\) 

P«p*^r  rnrboiis,'— (See  Carbom,  Paper,} 

Paper  Cnf-Ont— (See  Cui-Out,  Paper:) 

Paper     Perforator, — (See      Perforator, 

Paper) 

Paper  Winder,  Antomatic A  de- 
vice, driven  by  clockwork,  for  automatically 
delivering  the  paper  fillet  on  which  a  tele- 
graphic message  is  received, 

Paralmlic  Reflector.— (See  Rejlecior, 
Parabolic.) 

Pnrafflne.  —  A  name  given  to  various 
solid  hydrocarbons  of  the  marsh  gas  series, 
that  are  derived  from  coal  oil  or  petroleum  by 
the  action  of  nitric  acid. 

Parafhne  possesses  excellent  powers  of  instil  a- 
tion,  and  forms  a  ^ood  dielectric  medium.  Drierl 
wuotl,  boiled  in  melted  parafllne,  torms  a  fair  in- 
sulating material. 

ParafHiie  Wire.— (Sec  Wire,  Paraffine) 

Paruffiiifng. — Covering   or    coating  with 

parafiine. 
The  paraffine  is  applied,  while  melted  by  heat, 

either  by  means  of  a  brush,  or  by  dipping  the 

arttcic  in  the  fused  mass. 
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Care  must  be  taken  in  pajraffining  woodcD  or 
other  absorbent  artides,  to  dry  them  before  im- 
mersmg  in  the  melted  pdmUfiue,  since,  if  water  be 
presient,  steam  is  formed  expto«ively«  and  the 
melted  parafBne  scattered  in  all  directions. 

Pamir  re  le«, — Lighming  rods,  intended  to 

prolecl  fields  against  the  destructive  action  of 
hail  (See  Haii,  Assumed  Electrical  Ori- 
gin of,) 

It  was  formerly  believed  that  hail  is  caused  by 
dectricity.  It  is  now  generally  believed  that  the 
dectricity  in  hail  storms  is  caused  by  the  hail* 
It  will,  therefore,  readily  be  understood  that  para- 
grates  can  afford  no  real  protection. 

Parallax. — The  apparent  angular  displace- 
ment of  an  object  when  seen  from  two  dif- 
ferent points  of  view. 

In  reading  the  exact  division  on  a  scale  to  which 
a  needle  poin^  care  must  be  taken  to  look  di- 
rectly  down  on  the  needle*  and  not  sideways,  so 
as  to  avoid  the  error  of  displacement  due  to 
parallax. 

Parallel  Circuit— {See OVrir/A/'ara/W,) 

Parallel  Series.— (Sec  Series.  Parallel:) 

PuruUrlo^rani  ut  Forceg. — (Sec  Forces, 
ParaiUlifgram  o/J) 

Parallels,  Magnetic —Lines  connect- 
ing places  on  the  earth's  surface  at  right 
angles  to  the  isogonal  lines,  or  lines  of  equal 
declination  or  variation. 

The  magnetic  parallels  are  at  right  angles  to 
the  magnetic  meridians.  The  magnetic  parallels 
lie  in  planes  parallel  to  the  magnetic  equator. 
{S^  Needle,  MagnttU,  DtdinaiUnof,  Meridian, 
Magnet  ii.) 

ParamaiTiietlc. — Possessing  properties  or- 
dinarily recogniied  as  magnetic^ 

Possessing  the  power  of  concentrating  the 
lines  of  magnetic  force. 

Paramagnetic  is  a  term  employed  in  contra- 
dislinction  to  diamagnetit,  (See  Diamagnetic.) 
A  paramagnetic  substance,  cut  in  the  form  of  a 
bar  whose  length  is  much  greater  than  its  breadth 
and  thickness,  will,  when  suspended  in  a  magnelic 
field  in  the  manner  shown  in  Fig.  415,  take  up  a 
position  of  rest  with  i\s  greatest  length  in  the  */«>«- 
HcH  pf  ikr  Hnet  af/orte^  i,  e,^  will  point  axtally^ 
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In  other  words,  the  lines  of  force  will  10  pis 
through  the  paramagnetic  substance  as  to  reduc? 
the  magnetic  rtsisianee  Of  the  drcilit  as  much  u 
possible. 

Paramagnetic  5ub«tai»ces,  therefore,  coiKcn- 
trate  the  linei  of  force  on  tltenu  (See  /Cetittmise, 
Magnetk.) 

Diamagnctic  substances,  00  the  contrary.  wb«n 
placed  as  shown  in  Mg.  415,  assume  a  posidoa  vi 
rest  with  their  least  dtmmsions  in  the  directum  tf 
the  lines  &f  force,  »\  e^ 
they  point  equat&rially. 
This  is  the  position  in 
which  they  are  placed 
by  the  lines  of  force,  in 
order  to  insure  the  leixst 
magnetic  resittance  in 
the  circuit  of  these  lines. 
The  magnetic  resistance 
of  diamagnctic  sub- 
stances is  great  as  com- 
pared with  that  of  par. 
amagnetic  substances. 

The  \KTVCi  ferro'tnag^ 
neiie  has  been  proposed 
for  paramagneStc,       If 

another  term  be  rc<|uired,  which  is  doabtful. 
3ider0.magneti€,  proposed  by  S.  P*  Thompson, 
would  appear  to  be  prelerable.  (Sec  Mdgneiic, 
Ferro,     Magnetic,  Stderc,} 

Tyndall  believes  that  the  magnetic  polaniy 
possessed  by  diamagnetic  substances  h  the  reui^ 
of  a  distinct  polar  lorce,  different  m  its  nalurt 
from  ordinary  magnetism.  His  views,  in  thif  rt* 
spect,  are  not  generally  accepted.  (Sec  fUtfitr. 
Diamagnetic.} 

Pariiiim^netically.^ln  a  paramagnetic 
manner.     (Sec  Parama^HefismA 

Parauuufnt'tkm.— The 

paramagnetic  substance, 

ParoHltlcal 

Parasitical.) 

Pnrakiundri*.— A  French  term  for  light- 
ning ro(i,  sometimes  employed  in  Fns^Iislk 
technical  works. 

Lightning  rod  would  appear  to  be  the  pn:l.r^ 
able  term. 

Partial  €«mtact— (Sec  Contact,  Partial.) 
Partial  Plscoan^tlon.— (See  Discmmt- 
Hon,  Partial.) 


magnet^m  of  a 


riirronts.— ^scc     ^urrcnh. 
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PATtiiil  Earth— (Sec  EMvik,  PartiaL) 
Partlid  Heaction  of  Degenemtioa,— (See 
[  DegeneraiioHt  Partial  Reaction  of,) 
Passire  State.— (Sec  State,  Passive.) 

Path,   Alternative The    path    or 

L  circuit   taken  by  an  impulsive  discharge,  in 
preference  to  another  path  or  circuit,  open  to 
Ihe  discharge,  although  o(  enormously  smaller 
I  ohmic  resistance* 

The  alternative  path  is  the  path  taken  by  the 
discharge  produced  by  what  was  formerly  called 
lateraJ  induction. 

The  cjcplanation  of  the  reason  the  discharge 
takes  the  alternative  path  is  that  the  counter-elec- 
tromotive force  of  self-induction  of  the  circuity 
produced  by  the  impulsive  discharge^  is  so  great 
ws  to  make  the  path  of  the  circuit  itself,  although 
formed  of  conducting  materials,  practically  non. 
I  cond acting. 

If  a  Leyden  jar  is  provided  with  discharge  wires 
or  conductors,  as  shown  is  Fig.  416,  a  discharge 


would  pass  across  an  air  space  in  preference  to 
a  metallic  circuit,  was  greater  for  a  thick  copper 


[V»»^^l 


Fig,  4 1 6,    ^unemma  c/  Atttrma/h*  Putk, 

taking  place  at  A,  is  accompanied  simtdtajieously 
hy  an  even  longer  spark  at  B,  between  the  ends 
oCtwo  long  open-circuit  leads. 

To  OLplain  in  a  general  manner  the  phenomena 
of  the  alternative  path,  we  may  say  that  the  dis. 
charge  at  A»  gives  rise  to  electric  ogciUations  in  the 
leads  ctinnccted  with  B,  and  that  there  are  sent  out 
into  the  surrounding  medium  radiations  of  pre^ 
cisdy  the  same  nature  as  those  which  produce 
light,  only  of  a  wave  length  so  long  as  to  be  un- 
able to  produce  on  the  eye  the  effects  of  light. 

If  the  ^ace  between  the  balls  at  B,  is  loo  great 
for  the  discharge  to  take  place^  the  wires  glow 
and  throw  out  minute  sparks  or  brushes  of  light. 

The  action  of  the  ordinary  lightning  arrester 
depends  on  the  principle  of  the  alternative  path. 
The  resistance  of  the  metallic  circuit,  composed 
ol  the  line  and  the  instruments^  is  so  great  in  the 
case  of  the  impulsive  discharge  of  a  lightning 
flash,  that  the  discharge  takes  place  between  a 
fcrio  of  points  connected  with  the  line  plate  and 
another  series  of  points  connected  with  the  ground 
plate,     {i^e  Arresttr,  Lightning  ) 

Dr*  Lodge,  who  has  studied  the  principle  ol 
attemativc  path  in  the  case  uf  Lightning  rods, 
finds  that  the  distance  at  which  the  discharge 


^^£'4f?'    Edittm  Elect  tic  Prm. 

rod^  40  feet  long,  than  for  an  iron  rod  of  No.  27 
B.  W.  G.  of  35.03  ohmic  resistance. 

Patrol  Alarm  Box. 

—(See  Box,  Patrol 
Alarm,) 

Peltier    Eifwt  — 

(Sec  Effeit,  Peiiier.) 

Pen    Carriage.  — 

(See  Carriage^  Pen,) 

Pen.  Electric 

— A  device  for  mani- 
fold copying,  in  which 
a  sheet  of  paper  is 
made  into  a  stencil  by 
minute  perforations 
obtained  by  a  needle 
(friven  by  a  small 
electric  motor  and  the 
stencil  afterwards  em- 
ployed in  connection 
with  an  inked  roller 
for  the  production  of 
any  required  number 
of  copies. 

^techanical  pens  are 
constructed  on  the  same 
principle,  the  perfora- 
tions Iveing  obtained  by 
mecnanical  uistead  of « 
by  cleclrtc  power. 

In  the  Edison  electric 
pen,  Fig,  417,  the  per-^v*^/*«  EUdrit  Patd^mi, 
forations  are  made  by  an  electric  motor  driven 
by  a  voltaic  battery.  The  manifold  press  with 
its  inked  pad  is  shown  to  the  left  of  the  figure. 

Pendant  Cord.— (See  Cord,  Pendant,) 

Pendant,  Eleetrlc A  hanginj?  fix* 
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ture  provided  ^^ith  a  scx:ket  for  the  support  of 

an  incandescent  lamp. 

A  form  of  eJectric  pendant  is  shown  in  Fig. 
41S. 

Pendant^  Flexible  Electric  Light 

— A  pcndani  for  an  incandescent  lamp  formed 
by  the  fle^ble  conductors  whidi  support  the 
lamp. 

The  advantages  procured  b^  a  flexible  pendant 
arc  evident  in  that  both  the  length  of  the  flexible 
conductor  Irom  which  the  larop  is  hanging  and 
position  of  the  lamp  can  be  changed  considerably. 

Pruilalum  An  II  line  tutor. — (See  Annun- 
ciator^  Pendulum  or  Swinging.) 

Feninlom*  Eh^etrJc A   pendulum 

so  arranged  that  its  lo-and-fro  motions  send 
electric  impulses  over  a  line,  dither  by  making 
or  breaking  contacts. 

An  electrical  tuning  fork  whose  to-and-fro 
movements  are  maintained  by  electric  im- 
pulses* 

Electric  pendulums  are  employed  m  systems 
for  the  electrical  distiibutian  of  time. 

Sometimes  instead  of  using  tnie  pcndaltifn?  for 
such  purposes,  coiK  mounted  on  tuning  forks,  or 
on  the  ends  of  flexible  ban  of  steel,  called  reed?, 
are  used  for  the  purpose  of  establishing  cur- 
rents, or  modifyui^  die  currents  that  are  already 
passing  in  a  circuit.  The  movement  of  a  mag- 
netic  diaphragm,  as  in  the  case  of  a  telephone 
diaphragm,  towards  and  from  a  coil  ol  wire,  is 
another  Ut  astral  ion  of  an  electric  pendulum. 

Electric  tuning-fork  pendulums  arc  employed 
in  Dclany^s system  of  synchronous- multiplex  teleg- 
raphy, and  in  Cray's  harmonic-multiple  teleg- 
raphy. ^Sce  Teiep'afihyy  Sytuhronous*Afttlfi' 
fiUx,  DfioN^*!  System.  Telegraphy^  Gray'^s  Har- 
mcnii'  Multiple, ) 

Pendulnm,    Laws    af The    laws 

which  express  the  peculiarities  of  the  motion 
of  a  simple  pendulum, 

A  simple  pendulum  is  one  in  which  the  entire 
weight  is  considered  as  concentrated  at  a  single 
point,  stispended  at  the  end  of  a  weightless,  in- 
flexible and  incxtensiblc  line. 

The  following  arc  the  Uws  of  the  simple  pen- 
dulum : 

(t . )  Oscillations  of  smalt  amplitude  are  approx. 
imately  noikroft^HS ;  that  is,  are  made  in  times 
that  are  sensibly  oquaL  (See  Vibrathnor  IVave^ 
AmplUud^  «/»     hofhronh  m . ) 


(2.)  In  pendulums  of  diflcrcnt  lenictli^  the 
duration  of  the  oscillations  is  proportional  to  the 
square  root  of  the  length  of  the  pendulum. 

(3,)  In  the  same  pendulum,  the  length  bdng 
preserved  invariable,  the  duration  of  the  osdlla. 
lion  is  inversely  propordonal  to  tine  sqaare  root 
of  the  in  tensity  of  graritj. 

The  inimsity  of  gravity ^  at  any  latitude,  miy 
be  determined  by  the  number  of  oscillations  of  1 
pendulum  of  a  given  length.  In  the  same  dlid- 
ner  the  iutemity  of  a  nmgtutie  fields  or  the  in^ 
tensity  of  magnetization  of  a  magnet,  may  lie  de- 
tcr mined  by  the  needle  of  osdliaiion^  by  obicrving 
the  number  of  oscillations  a  ucedle  makes  ia  a 
given  time  when  disturbed  from  its  posttioo  al 
re  it.     (Sec  N'eedU  of  Osdllati^H.) 

Since  a  simple  physical  pendulum  is  a  physical 
impossibility,  the  virtHoi  Isngth  of  a  pendulum, 
that  is,  the  vertical  distance  be  I  ween  its  (kudI  o^ 
stipport  and  the  ientrt  of  otdliaii^n^  is  talcea  as 
the  true  length  of  the  pendulonu 

If  the  irregularly  shaped  body,  shown  in  Fig. 
419,  whose  centre  of  gravity  is  at  G,  is  »nadc  to 
swing  like  a  pendulum,  either  on 
S,  or  O,  its  oscillations  will  be 
performed  in  equal  times,  and 
the  Ixxly  wit!  act  as  a  simple 
pendulum,  whose  virtual  length 
is  SO. 

If,  while  suspended  at  S,  it  be 
struck  at  O,  it  will  oscillate 
around  S,  without  producing  j^y^,  ^^^^  ^^^^^ 
any  pressure  on  the  supporting  ^f  OmiHmim 
axis  at  S,  on  which  it  turns.  If  floating  mtlrriy 
submerged  in  a  liquid,  a  blow  at  O,  would  cause 
it  to  move  in  a  straight  line  in  the  direction  ai 
the  blow,  without  rotation. 

The  point  O,  is  called  the  emtre  of  ptrcutsim^ 
or  the  centre  of  otciJlatiotu  The  centre  oleactL 
latioti  is  always  below  the  ttnire  fif  grmtiiy^ 

P<*iitano  Standard.— (See  Siandar/i,  Fen- 
tang.) 

Percnssioii,  Centre  af — That  pcunt  m 

a  body  suspended  so  as  to  move  as  a  pcndu* 
lum  at  which  a  blow  would  produce  total ww, 
but  no  forward  motion,  or  motion  of  traitsbN 
tion, 

Perforntor,  Paper An   afiparaltts 

employed  in  systems  of  automatic  telegraphy 

for  punching  in  a  fillet  of  paper  the  circohtror 
elongated  spaces  that  produce  thi*  dots  an:! 
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dashes  of  the  Morse  alphabcl,  when  the  fiiki  is 
drawn  between  melal  terminals  that  fomi  the 
clecircKks  of  a  ballcr}^     (See    Telegraphy, 

H    Perforaiort  Pneumatic A  paper 

^nerf orator  operated  by  means  of  compressed 
Vatr.     (See  Perforator,  Paper.) 
"     Period  of  apon-Ctrcol t  Oscillaf  loiu— (Sec 
Open-Circuit  OsciIIaiion,  Period  of.) 

Period  or  Sim  pit'- Harmon Ec    Motion.— 
(See  Moiiort,  Simple- Harmonic,  Period  of,) 
Period    of   Vibratlun,— (Sec    Vibration, 
Period  of) 

Period,  TlUralion The  period  of  a 

tglc  or  a  whole  vibration  m  a  conductor,  in 
which  an  oscillatory  vibration  is  being  pro- 
duced by  electrical  resonance  when  respond- 
ing lo  its  fundamental  vibration. 

Hertx  gives  the  following  value  for  the  vibration 
period:  Calling  T,  the  single  or  half  vibrmtion 
period ;  L,  the  co-cfii dent  of  self-mductian  Id  abso- 
lute  magnetic  measure,  and  there  fare  ex  preyed  in 
centimetres;  C,  the  capacity  of  the  terminal*,  in 
electrostatic  measure ,  and  ihcieforc  also  expressed 
fa  centimetres;  t,  the  velocity  of  light  in  centi- 
mclit:  secoodf,  thco,  whrn  the  resistance  of  the  con- 

doctor  is  small.  T  =  sr  "^^^, 

V 

P«rriodic  and  Alternate  I>isc!iarpre.— (See 
Discharge,  Periodic^    Discharge,  Altemat- 

Periodic  Cnrrenl^  Power  of The 

rAle  of  tiajisforraatiun  of  the  energy  of  a  cir- 
niJt  traversed  by  a  simple  periodic  ciurrent. 


Isinj 
wh 
tlu< 


^t£-  420,    /\notr  i^ Pfrmiie  Otrrvmt^^fkmti^  ) 

If  tlie  thin  line  in  the  curve,  Fig.  410,  repre- 
irnts  the  impressed  electromotive  force  in  an  in- 
ductive circuit,  and  the  thick  line  tlic  correspond - 
io^  current,  then,  at  any  instant,  say  at  the  point 
M,  the  rate  at  which  energy  \%  being  expended  on 
the  circuit,  is  equal  to  the  ordinate  P  M,  multi- 
plied  by  the  ordinate  Q  M.    The  mean  power  is 


the  mean  of  all  such  products  taken  at  points  oi 
time  very  near  togetlier. 

The  power  of  a  periodic  current,  or  the  work 
expended  per  second  on  such  a  circuity  13  equal 
to  half  the  product  of  the  maximum  values  of  the 
current,  at  any  instant,  and  the  maximum  value 
of  the  impressed  electromotive  force,  multiplied 
by  tbe  cosine  of  the  angle  of  lag. 

Periodic  Governor.— (See  QjverHor„ 
Periodic,) 

Period  icnUy     Decreasing     lll^cltarfe.-— 

(Sec  Discharge,  Periodically  Decreasing.} 

Perlodirlty.— The  mie  of  change  in  the 
alternatbns  or  pulsations  of  an  electric  cur- 
rent, 

Periodleify  of  Auroras  and  Magnetlr. 
Storms,  —  (See  Auroras  and  Magnetic 
Storms,  Periodicity  of,) 

Permaneney,  Electric The  prop- 
erty possessed  by  most  metallic  substances, 
while  in  the  solid  state,  of  retaining'  a  constant 
cleciric  conducting  power  at  the  same  tem- 
perature. 

The  electric  permanency  of  hard  drawn  wire  is^ 
small,  since  such  wire  becomes  grmdually  an* 
nealed,  and  thus  changed  in  its  electric  resist- 
ance« 

Mat Ih lessen  showed  that  some  specimens  of 
annealed  German  stiver  wire  increased  in  their 
conducting  power  at  the  rate  of  about  .0^  per 
cent,  yearly. 

Permanent  Intensity  of  Magnetization. 
— (See  Magnetization,  Permanent,  Intensity 

»/■) 

Permanent  Magnet  YoUneier. —  (See 
Vfdt meter,  Permaneni  Magnet,) 

Permanent  8tat«*  of  Chargre  on  Tolesrrnpfi 
Line, — (See  State,  Permanent,  of  Charge  on 
Telegraph  Line  J) 

PeriiienbiMty  Curve*— (See  Curve,  Per- 

meabihfy. ) 
Penneability,  Majarnetic ^Conducti- 

bihty  for  lines  of  magnetic  forces. 

The  ratio  existing  between  the  nriagnetixa* 
tron  produced,  and  the  magnetizing  force  pro- 
ducing such  magnetization. 

If /4  equals  the  permeability,  B,  the  magnctiaa- 
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tion  produced,  or  the  intensity  of  magnetic  induc- 
tion, and  H,  the  magnetixing  force;  then, 


The  permeability  of  n on- magnetic  tsatenals, 
tuch  as  insulatorSiOrnon-mai^neticTnetats,  such  as 
copper  J  etCt  15  assunif»l  to  be  practically  equal  to 
that  of  air»  or  to  unity. 

The  majjnetic  permeabiliy  decreases  as  the 
magnetization  increases.  When  a  piece  of  iron 
has  been  magnetised  up  to  a  certain  intensity.  it» 
p<?rmcabili!;'  becomes  less  for  any  further  magnet- 
ization; or,  the  substance  shows  a  tendency  to 
reach  magnetic  ^turaiion.  In  good  iron,  this 
limit  is  reached  at  about  125,00a  lines  of  force  to 
the  square  inch  of     ea  of  cross  section. 

The  magnetic  permeability  varies  greatly,  not 
only  withdiflTcrent  specimens  of  iron,  but  also  with 
the  previous  history  of  the  iron,  as  to  whether  or 
not  it  has  before  been  subjected  to  mipnetiiation  or 
dema^etization,  and  also  as  to  whether  t}te  value 
of  the  perroeabiUty  is  taken  while  the  magnctica- 
lion  is  increasing  or  decreasing; 

Prmifameter.-^An  apparatus  devised  by 
S.  P.  Thompson,  for  roughly  measuring  the 
magnetic  permeability, 

Thompson's  perm  earn  eter  consists  essentially  of 
a  rectangular  piece  of  soft  iron,  provided  with  a 
slot,  for  the  reception  of  the  magnetizing  coiK  A 
hole  bored  in  one  end  of  the  block  serves  to  receive 
the  bar  or  rod  of  iron  whose  permeability  is  to  be 
determine  L  On  the  magnetization  of  the  bar  to 
be  tested,  the  square  root  of  the  force  required  to 
detach  the  rod  from  the  lower  siu-face  of  tlic  iron 
block,  is  a  measure  of  the  pcrmeMion  of  the  lines 
of  magnetic  forces  through  its  end  faces. 

Fcrnn^ance,  Mairnetio  —Magnetic 

permeability.    (See  Ptrtfuabiliiy^  Magneiic,) 

Permeatliisr,  as    of   Liiio«   of  Force.— 

The  passing  of  lines  of  ffjrce  through  a  mag- 
netic substance,     (Sec  P^rm^aMiiy,  Mag- 

jpermpntion,  MAsrnetic The  pass- 
ive of  lines  of  magnetic  force  through  any 
permeable  substance. 

PerrolsslTe  Block  Systfiii  for  BallrondH. 
^(Scc  Railroads,  Par  missive  Biock  SysUm 
for,) 
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P3lii|^i*r'»  Law. — (See  Law,  PJt'J^gr^i) 
Phantom  Wires,— (Sec  IVirgs,  Pkanim] 

Phase,  Angle  of  01  (Terence  ot  b«twf><>ii 
A[t«rtiatinir    CarrenU   of    game    Periol 

The  angle  which  measures  the  shift- 
ing of  phase  of  a  simple  periodic  current  ^i^ 
respect  to  another  due  to  lag  or  other  cause. 

Phase.  Shifting  of,  of  Alternating  Cbp* 
rent.  ■  — A  change  in  phase  of  curwot 
due  to  magnetic  lag  or  other  causes. 

Phase  of  Yibratlon. — (Sec  Vihratim, 
Phase  of) 

Phelps'  Stock    Printer*— (See  PHnier, 

Sti>cl\  Phdps.) 

Phenomena,  ElectrMTAf^nUrf 

♦  Phenomena  observed  in  capillary  tubes  at 
the  contact  surfaces  of  two  Uqtiids. 

\\Ticrc  acidulated  water  is  in  contact  with 
mercury,  each  hquid  possesses  a  definite  stir> 
lace  tension^  and  each  a  dchnitc  shape  ol  sur- 
f;ice.  The  two  liquids,  hoWcver^  do  not  actually 
touchy  there  being  a  small  interval  or  space  be- 
tween them,  This  space  acts  a*  a  minute  ateu* 
mulfttor*  But  the  liquid  and  water,  being  difiaenc 
substances  in  contact,  possess  different  potcniJiIs. 
Any  cause  which  alters  the  shape  of  these  C(4i. 
tact  surfaces,  and  consequently  the  extent  of  t^e 
spaces  between  them,  necessarily  alters  thecipa* 
city  of  the  condenser*  and  consequently  the  dJf. 
fcrcnce  of  potential.  Therefore  the  mere  shaking 
•f  the  tube,  or  heating  it.  will  produce  cicctnc 
currents  from  the  resulting  difference*  of  pfr 
tentiaU  Conversely,  an  electric  current  sent 
acrujiS  the  contact -surfaces  will  produce  motio^as 
a  result  of  a  change  in  the  value  of  the  surtiut 
tension.  An  elcctro*capillary  telephone  has  Im>^o 
constructed  on  the  former  principle,  and  jm 
electrometer  on  the  latter.     (Sec  Alectr^mtitr, 

Phenivmeno,  Porret An  int^tasc 

in  iKe  diameter  of  a  nerve  fibre  in  the  neigh- 
borhood of  the  positive  pole  when  travcfKd 
by  a  voltaic  current 

When  a  voltaic  current  passes  through  frtali 
living  substance  the  contents  of  the  muscular  6fan 
exhibit  a  streaming  movement  in  the  directioci^ 
current  is  flowing,  vir.,  from  the  positive  loj 
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oegatiyc.     This  causes  the  fibre  to  swell  up  or 
iocreaae  in  diameter  at  the  negative  electrode. 

Pheroj^e.^ — A  name  sometimes  applied  to 
a  tdephoie.    (Sec  TiUphote:^ 

PbUl,  Leyden A  tiamc  sometimes 

applied  to  a  Ley  den  jar*     (Seeyar,  LeytUn.) 

PbUasop]ier*s  Eg]?.— (See  Egg,   Phihso* 

Phnnanto^raph.— An  apparatus  for  the 
automatic  production  of  a  visible  tracmg  of 
the  vibrations  produced  by  any  sound* 

Phonautographic  apparatus  consists  essentially 
of  devices  by  which  the  suund  waves  arc  caused 
to  impart  their  to-anJ  fro  movements  to  a  dia. 
phragm,  at  the  centre  of  which  a  pencil  or  tracing 
point  is  attached.  The  record  is  received  on  a 
sheet  of  paper,  or  wax,  or  on  a  smoked  glass  or 
other  suitable  surface. 

Leon  Scott's  Phonautograph,  which  is  among 
the  forms  best  known,  consists  of  a  holiow  coniial 


of  any  character,  at  any  indefinlie  time  after 
their  occurrence,  and  for  any  number  of  limes. 
In  Edison's  phonograph  the  voice  of  the 
speaker,  received  by  an  elastic  diaphragm  of  th iii 
sheet  iron  or  other  similar  material,  is  caused  to 
indent  a  sheet  of  tin-foil  placed  on  the  surface  ol 
a  cylinder  C,  Fig.  422,  that  is  maintained  at  a 
unilonn  rate  of  rotation  by  the  crank  at  W.    In 


the  form  shown  in  Fig.  422,  the  motion  is  by  hand. 
In  a  later  improved  form  the  cylinder  is  driven  by 
means  of  an  electric  motor  or  l>y  clockwork. 

In  order  to  reproduce  the  speech  or  other 
sounds  the  phonogram  record  is  placed  on  the 
surface  of  a  cylinder  similar  to  that  on  which  it 
was  received  (or  is  kept  on  the  same  siu-facc)^ 
and  the  tracing  point,  placed  at  the  beginning  of 
the  record  and  being  maintained  against  it  by 
gentle  pressure,  is  caused,  by  the  rotation  of 
cylinder,  to  follow  the  indentations  of  the  phono- 
gram, record.  As  the  point  is  thus  moved  up  and 
down  the  hills  and  hollows  of  the  record  surface. 


^fesel  A,  Fig.  421,  with  a  diaphragm  of  parch- 
ment stretched  tightly  like  a  drumhead  over  its 
smaller  aperture  B,  A  tracing  point  attached  to 
the  centre  of  the  diaphragm,  tracer  a  sinuous 
line  on  the  surface  of  a  soot  covered  cylinder  C, 
that  is  uniformly  rotated  under  the  tracing  point. 
As  the  cylinder  is  advanced  a  short  distance  with 
cvciy  rotation,  a  sinuous  spiral  line  is  traced  on 
tlie  surtace. 

Phane.— A  term  frequently  used  for  tele- 
phone. 

Phanic  Whe<*l.— (See  H^^/t^^/,  Phanic) 

Phoniiffram.— A  record  prodyccd  by  the 
phonograph.     {Sec  Phonograph) 

PlKiiKHrmph, — An  apparatus  for  the  re- 
production  of  articulate  speech,  or  of  sounds 


^'i"-  4^3*    Edixmt*s  fmprm^d  Fk^n^grAph* 

the  diaphragm,  to  which  it  is  attached,  Is  given  to- 
and-fro  motions  that  exactly  correspond  to  the 
to-and-fro  motions  it  had  when  impressed  origin- 
ally by  the  sounds  it  recorded  on  the  phono- 
gram record,     A    person  listening  at   this    dia- 
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phragm  will  therefore  hear  an  exact  reproduction 
of  the  soufKis  originally  uttered. 

Ill  this  manner  the  voices  of  relatives,  dis- 
tinguished singers  or  statesmen  can  be  preserved 
for  future  generations. 

In  Edison's  improved  phonograph  Ihe  record 
surface  consists  of  a  cylinder  of  hardened  wax.  The 
rotary  motion  of  the  cylinder  is  obtained  by  means 
of  an  electric  motor*  Two  diaphragms  are  used, 
one  for  recording,  and  one  for  reproducing  the 
sound  waves.  As  shown  in  Fig.  423,  the  record- 
ing  diaphragm  is  in  position  against  the  cy Under. 
The  recording  diaphragm  is  made  of  malleable 
glass.  The  reprodycing  diaphragm  is  formed  uf 
bolting  sillt  covered  with  a  Ihin  layer  of  shellac. 

In  the  Graphophotu  of  Bell  and  Tainter  the 
l^nt  attached  to  the  diaphragm  is  caused  to  cut 


CT  engrave  a  cylinder  of  hardened  wax*  Two 
leparatc  diaphragms  arc  employed,  one  for  speak* 
£ng,  and  the  other  for  he.iring. 

The  recording  surface  is  made  of  a  mixture  of 
beeswax  and  parafTme.  A  uniformity  of  rotation  of 
the  cylinder  is  obtained  by  means  of  a  motor  pro- 
vided with  a  suitable  governor.  An  ordinary  con- 
versation of  some  five  minutes,  it  is  claimed «  can 
b^  T^orded  on  the  sur^ce  of  a  cylinder  6  Inches 
long  and  1  \  inch  in  diameter. 

In  the  Granwphmu  of  Berliner,  a  circular  plate 
«f  Bketal,  covered  with  a  film  of  finely  divided  oil 
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or  grease,  receives  the  record  in  a  sinuous,  spiral 
line.  This  record  is  subsequently  etched  into  the 
metal  by  any  suitable  means,  or  is  photographic^ 
ally  reproduced  on  another  sheet  of  metaL 

Glass  covered  with  a  deposit  of  nmt  is 
times  employed  for  the  latter  process*  The  ap- 
paratus is  shown  in  Fig,  425,  as  arranged  for  the 
reproduction  of  speech. 

In  Bir.  Berliner's  apparatus,  the  record  surlice 
is  impressed  by  a  point  attached  to  the  Iraas* 
mitting  diaphragm»  in  a  dire<twn  paralUl  /*  tkt 
record  iurface^  and  not,  as  in  the  instrumcot  vIL 
Mr,  Edison,  in  a  direction  at  right  angles  to  the 
same.  This  method  would  appear  to  be  thebeit 
caJculated  for  a  more  exact  reproduction  of  ar- 
ticulate speech,  fiince  it  permits  comparatively 
ioud  speaking  or  singing,   without    interfering; 


with  the  quality  of  the  reproduced  sounds*  Since 
the  resistance  to  indentation,  or  vertical  cutting, 
increasea  more  rapidly  than  the  increxse  in  the 
ampiitude  of  vihration  of  the  cuttinf  point,  it 
follows  that  the  louder  the  sounds  recorded  by  the 
phonograph  or  graphophonc,  the  Ie>s  complete  I 
would  be  the  quality  of  the  reproduced  soundi, 
or  the  less  the  probability  of  the  peculianties  ot 
the  speaker's  voice  being  recognised.  In  ordcr 
to  avoid  this,  the  speaker  in  the  phonograph  and 
the  graphophonc  speaks  in  an  ordinary  contcr^- 
tional  tone  only.  (Sec  V'ibraticn  or  IVavr^  Am- 
plituiie  of.) 

¥ot  purposes  of  dictation,  and,  indeed,  novs 
commercial  purposes,  this  is  rather  an  adranUfe 
than  otherwise. 

Phono^mph  Reeord*  —  (Set  "^  M4€or4 
Phonograph,)  , 

Phonoplex.— Literally  sound  fol'U.  ■ 

A  system  of  telegraphy.  (See  T^i^roj^fy, 
PkonopUx^  . 
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Pfeonoplez  Trleifrraplir.  —  (See  TtU^a-' 

Phonopore.— A  rnodtfied  form  of  har«- 
monic  telegraph. 

FJionozeooi^mpIi. — An  mstmmcnt  devised 

by  De  Feltre  to  indicate  the  direction  of  a 

distant  sound, 

A  Depre*-D'Araonral  galvanometer,  %  Wheat- 

nc*s  hridge^  and  a  microphone  of  f>cculiar  con- 

tioiif  are  placed  in  the  circuit  of  a  Toltaic 

attery  and  a  receiving  telephone.    The  observer 

rtcrmincs  the  direction  of  the  distant  sound  by 

I  of  the  sounds  heard  under  difiereiit  coudi* 

tin  the  telephone, 

Phospltaresce. — To  emit  phospborcsccnt 

Phosphorescence. — The  power  of  eniitting 
jht,  or  becoming  luminous  by  simple  cx- 

\  to  light 
Rsdies  that  possess  the  property  of  phosphor. 
e»cence,  when  exposed  to  a  bright  light  acquire 
the  power,  when  subsequendy  carried  into  the 
rk,  of  contLDuing  to  emit  light,  for  periods 
irying  from  a  few  seconds  to  several  hours. 
The  diamond,  barium  and  calcium  sulphides, 
dry  paper,  tilk,  sugar,  and  compounds  of  ura- 
niumt  are  examples  of  phosphorescent  substances. 
The  effects  of  phosphorescence  appear  to  be 
due,  in  some  cases,  to  sympathetic  vibralions  set 
tip  ID  the  molecules  of  the  phosphorescent  body 
by  the  eadting  light-     (See  Vibratiam^  Sym/a- 

In  other  cases,  however,  that  are  not  exactly 
widcTStood,  the  wave  length  ot  the  emitted  Ught 
IB  more  rapid  than  that  of  the  exciting  light. 
The  fire-fly,    the  glow-worra,    and    decaying 
^^nimal  or  vegetable  matter,  exhibit  a  species  of 
^^Bki*sph&rf sconce  that  appears  to  be  due  to  the  ac- 
^HimI  oxidation  or  gradual   burning  of  a  peculiar, 
^Hpedfic,  chemical  substance. 
^^     Phosphorescence  may  therefore  l>c  divided  into 
two  da«csv  viz. : 

(1.)  Physical ph6sph&rt5€enee^  or  that  produced 
by  the  actual  impact  of  light,  and, 

(2.)  Chcmital  phosphorescmit^  or  that  caused 
by  acttial  chemical  combination  or  combustion  of 
a  ijfedfic  flobstance*  This  is  sometimes  called 
spootaneoos  pliosplioreacence. 

Physical  phosphorescence  may  be  produced  in 
Lirariety  of  ways,  vi2.: 


(l.)  By  an  Elevation  of  Temperature: 
A  variety  of  fluorspar,  called  chlorophane, 
ihinci  with  a  Ix^autirul  greenish  blue  light  when 
heated  t a  less  than  a  red  heat.  Here  the  non- 
luminous  rays  arc  apparently  transformed  into 
luminous  rays. 

A  phosphorescent  substance  like  fluorspar 
eventually  loses  it>  abitily  to  phospUnrescc.  It 
regains  it,  however,  on  exposure  to  the  light,  i.  e,^ 
\i  Mich  an  exhausted  body  be  exposed  to  sunlight  it 
aiji^iin  phosphoresces  on  exposure  tr>  non-lumtnous 
h?at.  The  light  emitted,  during  phosphorescence 
by  heat,  is,  protiably,  wholly  due  to  potential 
energy  acqtnrcd  daring  exposure  to  the  light. 
(See  Luminrscfme.)  The  phosphorescence  by 
heat  exhibited  by  fluorspar  is  sometimes  called 
^Hortutmce.  It  is  preferable,  however,  to  catl 
the  phenomena  phosphorescence,  (See  Fluores- 
£ence, ) 

(1.)  By  Mechanical  Effects: 

The  flashes  of  light  emitted  during  the  attri- 
tion  or  friction  of  some  bodies,  when  not  traceable 
directly  lo  electricity,  arc,  most  probably,  to  be 
ascribed  to  phosphorescence. 

(3.)  By  Molecular  Bombardment 

The  molecular  bombardment  due  to  the  mole- 
cules of  residual  gas  shot  off  from  ihe  negative 
electrode  of  an  exhausted  receiver  through  which 
an  electric  discharge  is  passing,  produces  many 
brilliant  effects  of  phosphorescence. 

(4.)  By  Electricity. 

An  electric  spark  produces  phosphorescence  in 
such  substances  as  canary  glass,  solution  of  sul- 
phate of  f^uinine,  etc,  ctc» 

(5.)  Exposure  to  Sunlight,  or,  in  fact,  to  any 
Ught 

The  different  rays  of  the  iun  are  not  equally 
able  to  excite  phosphorescence.  As  a  rule  the 
violet  or  ultra  violet  rays  excite  the  greatest  phos- 
phorescence. The  light  excited  \%  often,  though 
not  always,  of  a  greater  wave  length  than  the 
exciting  light. 

Phosphorescent  paints  for  rendering  the  posi- 
tion  of  a  push  button,  electric  call,  match  safe, 
gas  pendant  or  some  other  similar  object  visible 
at  nighty  consist  essentially  of  sulphides  of  cal* 
cium  or  bajium,  or  of  mixtures  of  the  same. 

Phosphoreseenec,    Cliemieal A 

variety  of  phosphorescence,  in  which  the  entit- 
led light  is  produced  by  the  actual  combustion 
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of  a  specific  chemical  siibsUnce  by  the  oxygen 
of  ihe  air. 

Chemical)  phosphorescence  is  seen  in  the  fire 
fl y  and  th  c  g  I  o w*  w  orm,     { Sec  Ph&spkoresunci,  \ 

PhoflplioreAcenc^  Ek^'trlc Phos- 

phorcsccnce  caused  in  4  substance  by  the 
passage  of  an  electric  discharge. 

The  phosphorescent  material  is  placed  in  an 
exhausted  glass  tube,  a5  shown  in  Fi^^.  426,  and 
submitted  to  the  action  of  a  serii»  of  discharges* 
as  from  a  Ruhmkorff  coil,  or  lioltz  machine. 
The  violet-blue  light  of  such  discharge  is  very 
efficten t  in  prtxl uci ng  phosphorescence.  Ph osphor- 
escencc  is  thus  effected  by  subjecting  the  phos- 
phorescent material  to  the  molecular  bombard- 
mcnt  which  is  produced  by  such  discharges  in  a 
high  vacuum.    (Sec  Bomhardmrni,  MoUailar.) 


Fig,  4m6,    Electric  Fk^ti^kpmtwmiw. 

Phosphoroscenee,  Physical  — Phos- 
phorescence produced  in  matter  by  the  actual 
itnpact  of  light  waves  resulting  in  a  vibratory 
motion  of  the  molecules  of  sufficient  rapidity 
to  cause  them  to  emit  light. 

Physical  phosphorescence  is  distinguished  from 
chemical  phosphorescence  in  that  in  the  iornicr 
the  energy  required  to  produce  molecular  vibra- 
tions is  imparted  by  the  light  to  which  the  pHos 
phorescent  body  is  exposed,  while  in  chemical 
phosphorescence  the  energy  producing  the  li^hi 
is  derived  from  the  chemical  potential  energy 
of  the  speciBc  substance  burned.  (See  Phcsphcr- 
esunu. ) 

Phcifi|ihorpfieent — Possessing  the  proper- 
ties or  qualities  of  phosphorescence. 

PllO'4phort»?*eht^»— Emitting  phosphores- 
cent Uglit.     (See  Phosphorescence) 

Phn*ifilH*r»'S("*ipc*.— An  apparatus  for  meas- 
uring the  phosphorescent  power  of  any  sub- 
stance.   (Sec  Pkosph^rtsciHce,) 


Phospliiirns.  Electric    Hnieltlitf  af  — 

—  An  electric  process  for  the  direct  productjon 
of  phosphorus. 

In  the  electric  smelting  of  phosphonii.  ihc 
crude  material,  consisting  of  a  mixture  o£  bones  or 
animal  phosphates  and  caxbonf  is  fed  into  a  tpicc 
between  two  electrodes  connected  to  the  pole*  oi 
a  source  of  powerful  alternating  currents.  The 
apparatus  is  similar  in  general  to  the  Cowl^  Jut* 
nace  for  the  reduction  of  aluminium*  The  \ni 
produced  by  the  altemaiing  currents  decoiapoiei 
the  phosphates,  and  the  volatilised  photpboms 
is  condensed  xrk  suitable  chambers, 

Photochronofraph.— An  electric  tnstni- 
menl  for  automatically  recording  the  Iran^t 
of  a  star  across  the  meridian. 

In  a  small  camera  connected  with  the  cycptect 
of  the  transit  instrument  is  placed  a  sensitittd 
plate. 

A  sidereal  clock  has  an  electric  attachment  to 
its  pendulum,  so  made  that  a  shutter  alten^ately 
exposes  and  conceals  the  photographic  plate*  and 
thtis  permits  the  image  of  a  star  to  be  fanned  on 
the  plate  at  intervals  during  its  passage  icnNi 
the  field  of  the  telescope.  An  image  of  the  spider 
lines  is  afterwards  fixed  on  the  ptate  by  the  tight 
of  a  lamp,  held  for  a  few  momenbi  liefore  the  ofc^ 
ject  glass  of  a  telescope  A  shutter  is  provided^ 
by  means  of  which  this  Hght  is  prevented  lioa 
falling  on  the  trail  of  the  star  aero  s  the  fie^d  o< 
the  glass.  In  this  manner  the  time  of  passage  of 
the  star  across  the  meridian  is  automatically  re- 
corded on  the  photographic  plate. 

The  photochranograph  is  also  adapted  lor 
similarly  automatically  recording  the  transit  or 
passage  of  any  heavenly  body  across  any  nsagi^. 
ary  line  in  the  heavens. 

Photo-Elt«trIc  Cell.— (Sec  Cell  PhfiKh 
Electric.) 

P  h  o  I  o-Eloetrfclty.  —  ( See     Electndiy, 

Photo,) 

Photn-Eleetromotlre  Fore«,— (Sec/wr, 

Electromotive,  Pkota,) 

Pkotoneter.^An  apparatus  for  meas«rii»g 
the  intensity  of  the  light  emitted  by  uq 
luminous  source* 

There  are  various  methods  for  measuring  the 
intensity  ol  a  t>eam  of  light  passing  through  lay 
given  tpace,    or   emitted    from    any   lumJiMai 
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^^btiTCe;  tbese  methods  are  embraced  in  the  use 

^^p  the  following  appamtm: 

^^  (t.  >  C^ffn'mrfric  Photometer y  in  which  the  light 
to  be  measured  is  absorbed  by  the  fate  of  a 
thcrnjo-clectric    pile,  and    the    electric    current 

I  thereby  produced  is  carefully  measured.  Since 
otsiure  radiation  or  heat  will  also  thus  produce 
an  electric  ciurent,  it  is  necessary  fir«>t  to  al'Sorb 
all  the  heat  by  passing  the  beam  of  light  through 
an  aJum  cell. 

(2.)  Aetinu^  or  Chemical  Fhotomiters^  in  which 
the  intensity  of  the  light  is  estimated  by  a  com- 
parison of  the  depth  of  coloration  produced  on  a 
fillet  of  photojjraphic  paper  under  similar  con- 
ditions of  exposure  to  a  standaird  lights  and  the 
ti^^ht  to  be  measured. 

The  combination  of  pure  hydrogen  and  chlorine, 
or  the  decomposition  of  pure  mcrcuroua  chloride, 
have  been  employed  for  the  purpose  of  dctermin  - 
ing  the  inlcnsitie5  of  two  lights  by  measuring  the 
amount  of  chemical  action  effected. 

(J*)  Skmhw  Pfu?tomtteri^  in  which  a  shadow 
produced  by  the  light  to  be  measured  is  compared 
with  a  shadow  produced  by  a  standard  ctindie. 
(See  Candle^  Standard.) 
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Fig,  4^7*     The  Shadow  Pk^^mettr. 

Rumford^s  photometer,  shown  in  Fig,  427»  is 
an  example  of  this  lorm  of  instnimcnt.  The 
stmdard  candle,  shown  at  L,  casts  a  shadow  C% 
of  an  opaque  rod  C,  on  the  screen  at  B. 

The  Hght  to  be  measured  L',  is  moved  away 
from  the  screen  until  its  shadow  C  ,  on  the  screen 
at  A,  Is  judged  by  the  eye  to  be  of  the  same 
depth.  The  distance  between  the  screen  and  the 
lights  is  then  measured   in  straight  line^.     Tkf 

^ative  intensities  of  iht  two  lights  are  then  pro^ 

iion&l  to  tfu  squares  of  tktir  distances.  If,  for 
pie,  the  candle  be  at  lo  inches  from  the 
MTeen^  and  the  lamp  at  40  inches^  then  the 
intendtica  arc  as  ro" :  40'  or  as  ICX) ;  1,600,  or  the 
lamp  if  a  16  candle-power  lamp. 
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This  photometer  is  based  on  the  fact  that  the 
shadow  of  each  source  is  illumined  by  the  light 
of  the  other  source. 

These  results  are  more  accurate  if  the  two 
shadows  are  adjoining  or  nearly  adjoining. 

(4 , )  Trans hicmt  Disc  Pk  atometers .  — T  he  1  ight 
to  be  measured  and  a  standard  candle  are  placed 
on  opposite  sides  of  a  sheet  of  paper  the  centre  of 
which  contains  a  grease  spot.  The  standard 
candle  is  kept  at  a  fixed  distance  from  the  paper 
and  both  it  and  the  paper  are  moved  towards  or 
from  the  light  to  be  measured  until  both  sides  of 
the  paper  are  adjudged  to  be  equally  illumined. 

In  Bunsen's  photometer  a  vertical  sheet  of 
paper  with  a  grease  spot  at  its  centre,  is  exptjsed 
to  the  illumination  of  a  standard  candle  on  one 
side,  and  the  light  to  be  measured  on  the  other. 

The  sheet  of  paper  is  placed  inside  a  dark  box 
provided  with  two  plane  mirrors  placed  at  such 
an  angle  to  the  paper  that  an  observer  can  readily 
sec  both  sides  of  the  paper  at  the  same  time. 

This  box  can  be  slid  along  a  graduated,  hori- 
zontal scale  towards,  or  Irom,  the  light  to  lie 
measured,  and  carries  with  it  the  standard  candle 
mounted  on  it  at  a  constant  distance  of  10  inches* 
If  the  boK  is  too  near  the  light  to  be  measured, 
the  grease  spot  appears  brighter  on  the  side  of  the 
sheet  of  |iaper  nearest  the  candle.  If  too  near 
the  candle,  it  appears  brighter  on  the  side  of  the 
sheet  of  paper  nearest  the  light  to  bi  measured. 
The  position  in  which  the  spot  appears  equally 
bright  on  both  sides,  is  the  position  in  which  bvith 
sitles  of  the  paper  are  equally  illumined,  and  the 
relative  intensities  of  the  two  lights  are  then 
directly  as  the  squares  of  ihdr  distances  from  ihe 
sheet  of  paper. 

Shadow,  and  translucent-disc  photometers 
being  dependent  on  equal  illumination,  are  re- 
liable only  when  the  color  of  the  lights  compared 
is  the  same.  For  the  determination  of  thu  photo- 
metric intensity  of  very  bright  lights,  the  standard 
candle  is  replaced  by  a  carccl  lamp,  a  standard 
gas  jet,  or  by  the  light  emitted  by  a  given  mass 
of  platinum,  heated  to  incandescence  by  a  given 
current  of  electricity.  (See  Lamp,  CarceL  Gas- 
Jet,  Carcel  Standard.  Ligki,  Platinum  Stand- 
ard,) 

Prcece*s  photometer  belongs  to  the  class  of 
translucent  disc  photometers.  A  tiny  incandes- 
cent lamp  is  placed  in  a  box,  the  topof  which  has 
a  white  paper  screen  on  which  is  a  grease  spot. 
The  box  is  placed  in  the  street  where  the  intensity 
of  illumination  is  to  be  measured,  and  the  intcn- 
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titj  of  the  light  of  the  incandescent  lamp  is 
varied  until  the  grease  spot  duappcars.  The 
current  of  electricity  then  paising  through  the 
incandescent  lamp  acts  as  the  meastire  of  the 
niummatioib 

In  the  case  of  the  shadow  photometer^  or  of 
Bunscn'i  photometer «  if  tht;  mtenaity  of  illumina- 
lion  h  the  same,  Uie  relative  intensiiics  of  the  two 
lights  may  be  determined  as  follows; 

Calling  I,  and  i,  respectively  the  rdathw  intcn- 
stlics  of  the  standard  light,  and  the  light  to  be 
measured^  and  D,  and  d,  their  respective  dis- 
taiKes  from  the  screen,  then 

I  :  i  :  t  D*  :  d',  or  1  x  d*  =  i  X  0»; 

thatis.i=.l(il). 

Or,  the  intensity  of  the  light  to  be  mea&ored  is 
i^r— -  ^  tiroes  the  intensity  of  ihe standard  light. 

Ifi  for  example,  D  and  d,  represent  lo  and  loa 
inches,  respectively,  the  intensiiy  of  i,  is  lOO  times 
the  intensity  1«  the  standard  light. 

(5, )  Vitpft'sum  Phoiottteters,  -  X  class  of  pho. 
tometers  111  which,  in  order  to  more  reatlily  com- 
pare or  mcasiurc  ii  very  bright  or  intense  Itghti 
Uke  that  of  an  arc  lamp,  the  intensity  of  thift  light 
is  decreased  by  dispersion  a  readily  measurable 
amount. 

AyrioM  <5*  Perry^s  Dispersion  PkotomHer, — A 
photometer  in  which,  in  order  lo  bring  an  in- 
tensely  bright  light,  like  an  electric  arc  light,  to 


such  an  in  tensity  as  will  permit  it  to  be  readily 
compared  with  a  slandard  candle,  its  intensity  is 
weakened  by  its  passage  through  a  diverging 
(concave)  lens. 

Ayrtan  ik  Perry's  dispersion  photometer  is 
shown  in  two  different  positions,  Figs.  428  and 
429,  The  apparatus  is  supported  on  a  tripod 
Stand  E,  arranged  so  as  to  obtain  exact  leveling. 


A  plane  mirror  H,  movable  around  a  pin 
directly  under  its  centre,  can  be  rotated 
reflect   the   light  aiter  tts  passage 
diverging  lens,  while  stiii  maiataining  its 
from  the  electric  light 

The  horieontal  axis  of  this  loirror  is  india^ 
45  degree  to  its  refiecting  surface  m 
avoid  crron  arising  from  varying 
different  angles  of  refieclion. 

The  inclination  of  the  beam  to  the  borifiooial 
is  indicated  by  means  of  an  index  attached  to  the 
mirror  and  moving  over  the  graduated  drde  G. 

A  black  rod  A,  casts  its  shadow  on  a  %i:nfA  of 
white  blotting  paper  B.  A  standard  aaikf 
placed  in  the  holder  D,  casts  its  shadow  akiogfidc 
the  shadow  cast  by  the  electric  light  The  km 
is  DOW  displaced  imtil  the  shadow  of  the  clednc 
tight  is  of  the  same  btensity  as  that  of  thecaadle, 
when  viewed  successively  through  sheets  of  ltd 
and  green  glan. 

A  graduated  scale  serves  to  mark  fte  diitnott 
of  the  candle  and  the  lens,  respectively,  from  (he 
screen,  from  which  data  the  ioteosi;/  ol  tk 
electric  light  may  be  cakuUted. 


Fif,  /  J  ^ .    Ayrfm  « W  Pfrrft  Ditptrtiam  Pk^mm^^ 

(6.)  Sflmium  /5*^/<7»M'//r/.  —  Instnimcntj  a 
wliich  the  j  elative  intensities  of  two  lights  are  de- 
trrn lined  by  the  variations  produced  inatdeniius 
resistance. 

In  Siemens*  Selenium  photometer  a  idennim 
cell  is  employed  in  connectian  with  aa  declric 
circuit  for  determining  the  intensity  of  light. 

The  tube  A  B,  Fig«  430,  is  famished  at  A,  with 
a  diaphragm,  and  at  B,  with  a  seieniuro  pliie, 
connected  by  wires  G  G,  wtih  the  drtuJt  oC  a 
battery  and  a  galvaiK>meter. 

A  graduated  scale  L  M«  bears  the  itsodard 
candle  N.  The  tube  A  B,  is  aipttfaie  of  rodln 
on  the  va-tical  axis  F.  A  reilectiiif  nkrur  pt> 
vanometer  is  uaed  in  connection  with  the  aieniB 
photometer.    The  light  to  be  measured  is  plicsi 
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4t  nght  angles  to  the  scale  L  M«  and  the  tube  A 
h,  directed  towards  it,  aod  the  galvanometer  de- 
icction  compared  with  the  deflection  obtained 
rbcn  turned  towards  the  staodard  candle. 

(7.)  Gas^yet  /54^/<?w^j'^j. —Instruments  in 
trhiuh  the  candle-power  of  a  gas  jet  is  dctcrroined 
by  measuring  the  height  at  which  the  jet  burns 
when  under  unit  conditions  ot  volume  and  press- 
are  of  gas  coosiuned. 


F^,  4 JO,    iyiinwra/*  Stltmrnm  rheiemttfr* 


^B  In  determining  the  candle-power  of  mn  intense 
^Bight  like  the  eiectric  arc  light,  a  large  gaslight 
^■pi  used  instead  of  a  standard  candle,  and  the 
^nhctoiBCtric  power  of  this  gaslight  is  careful!/ 
^netennioed  by  compariKffi  with  a  gas*  jet  photom- 
eter.    (Sec  yet,  Oas,  Carer/ S/amtard.} 


Photometer,  Actinic 


-A  photom- 


eter in  which  tlie  intensity  of  any  light  is  meas- 
ured by  ihc  amount  of  chemical  decomposi- 
lum  it  effects.    (See  Photometer.) 

In  some  actinic  photometers  the  intensity  of  the 

tight  to  be  measured  19  determined  by  the  com  - 

paiison  of  the  depth  of  coloration  of  a  sensi- 

led  film  under  similar  conditions  of  exposure 

*io  a  standard  light  and  the  light  to  be  measured. 


Pbotometer,  Calorlmelrk 


-A  pho- 


^■kKncter  in  which  the  light  to  be  measured  is 
^^pbsort>ed  by  tlie  face  of  a  thermo-electric  pile, 
Hpnd  the  intensity  of  the  light  estimated  from 

the  strength  of  the  electric  current  thereby 

produced. 

In  order  to  a^old  the  error  arising  from  the 
^current  produced  from  the  absorption  of  the  ob^ 
^^kare  radiatiofi  from  the  tight,  all  the  heat  is  6rst 
^^Wftorbed  by  passing  the  light  through  an  alum 

celt     (See  I%»t0meitr.) 

Photometer,  Chemical A  photom- 

%tx  in  which  the  intensity  of  the  light  to  be 


measured  is  determined  from  the  amount  of 
chemical  action  ejected  m  a  given  time. 

Photometer,  Iltspersion A  photom- 
eter in  which  the  light  to  be  measured  is  de- 
creased in  intensity  a  known  amount  so  as  to 
more  readily  permit  it  to  be  compared  with  a 
standard  light  of  much  smaller  intently. 
(See  Photometer,) 

Photometer,  Electric An  electrical 

instrument  for  measuriQg  the  intensity  of 
illumination. 

A  form  of  electric  photometer  invented  by  C, 
R*  Richards  depends  for  its  indications  on  the 
variations  that  occur  in  the  resistance  of  a  wire  on 
change  of  temperature.  An  iron  wire,  whose 
change  of  temperature  is  utilized  for  measuring 
the  intensity  of  any  light  to  whose  radiations  it  is 
opposed,  is  covered  by  a  deposit  of  lampblack. 
On  exposure  to  the  light  whose  intensity  is  to 
be  measured,  the  light  is  absorbed  by  the  lamp- 
bbck  and  an  increase  in  temperature  occurs. 

In  order  to  get  rid  of  the  beat  rays  that  are 
associated  with  the  light  rays,  the  rays  before 
falling  on  the  soot-covercil  wire  are  caused  lo  pass 
throut;h  a  solution  of  alum  ;  the  intensity  of  the 
light  is  then  calculated  by  reference  to  the  change 
in  the  resistance  of  the  soot -cove  red  wire,  which 
is  made  one  of  the  arms  of  a  Wheatstone  bridge, 

PJiotometer,  Ga»-Jet  — A  photom- 
eter in  which  the  candle-power  of  a  gas- jet  is 
estimated  from  a  measurement  of  the  height 
at  which  the  jet  bums  under  unit  conditions 
of  volume  and  pressure.     {Stt Photometer.) 

Photometer,  Jet ^An  apparatus  for 

determining  the  candle  power  of  a  luminous 
source  by  means  of  the  height  of  a  jet  of  the 
gas,  whose  candle-power  is  being  determined, 
when  burning  under  constant  conditions  as 
to  pressure,  etc.  (Sec  Jet,  Gas,  Carcet 
Standard,) 

Photometer, Selenium A  photom- 
eter in  which  the  intensity  of  a  light  is  esti- 
mated by  the  comparison  of  the  changes  m 
the  resistance  of  a  selenium  resistance  suc- 
cessively exposed  under  similar  conditions  to 
this  light  and  to  a  standard  light.  (See 
Photometer.) 

Photometer,  Shadow A  photom- 
eter in  which  the  intensity  of  the  light  to  be 
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measured  b  ta/dmMUd  by  a  comparisoii  of 
llwilliUaooat  which  it  and  a  sundaid  Sght 
produce  a  ihadow  oi  the  lame  fntcraty. 

FhaUiini^i^n  Trmnsluerat  Diic — A 

photooicter  in  which  the  light  to  be  measofed 
li  placed  on  one  side  of  a  partly  transhicefit 
and  partly  opaque  disc,  and  a  standard  can- 
dle Is  placed  on  the  opposite  «idc,  and  Ihc  in* 
tenftity  of  the  tight  estimated  by  the  distances 
of  the  light  from  the  disc  when  an  equal  Hlu- 
fnination  of  oil  parts  of  the  disc  is  obtained^ 
(Sec  PhQtomHtr.) 

When  the  Ulumifiation  of  the  oppoiite  lides  of 
such  s  diie  !•  equal,  the  retstive  pcMiti<mt  of  the 
trantparcnt  ind  opa/|yc  portirni*  of  the  dlic  »re 
ftidUtlnKuii^hAble. 

Fhotonteter,  TTarle)'*!  - — -  — A  form  of 
phutometcr  in  which  the  intensity  uf  the  light 
to  be  measured  is  determined  from  the  rel- 
ative openings  of  two  concentric  circular 
dUphrugms  placed  In  two  rotating  discs,  and 
through  which  the  standard  light  and  the 
hglu  tu  be  measured  rcs|)cctjvcly  pass, 

The  general  arrangement  of  Varley'i  photo- 
meter U  shown  in  Fig.  431.    The  concentric  cir- 


tjn^'^^ 


Cldir  apcrturet  extend  circumferentlAlIy  iSo  de. 
grssi,  and  are  reverted  to  that  when  one  half 


ring  ii  faiy  opfii»  Ike eAn^i 
or,  if  oae  i^a%^  aay  &e  ««ler«  if  «p^Bdl  t(oSt. 
gree%  die  ioaer  is  opeMd  39  depev.  Tk 
t^MxeSkf  of  Uglit  ftoi  wUdi  |iiiwn  ^um^  He 
ooicrfii^froBdKiileiolK  wtammkh^ 

circle  is  diridfldfailo  a^ODO  pait^  laileid  «f  iM 
360  degr«ei»  aada  \^  mrmis  oC  a  ^fcnkr,  flae 
parti  ajTto&erdlviilei  into  lo  paiH.  pcmittig 
a  reidiog  of  tbe  ao^ooodlvisieaa* 

Two  niiirmrttfS  piMcd  la  iiflai  of  te  dk. 
pn>ject  a  dlScarOh  a  libdc  oentre.  «ad  a  laaKMi 
spot  rcspectivdf .  The  ^Sses  a<«  lefdbiBl  aalQ 
the  tight  projected  oq  the  Kfcea  prodacet  a  ai> 
form  diic.  Tkia  is  readHf  amjcitjiftel,  ace  il 
one  or  the  ollMr  pradoniaate,  a  diic  w^  giif 
spot,  or  a  graf  naipBal  ting  wicfc  a  brigHipoe, 
will  appea/* 

The  genera!  appearance  of  tke  diiiafar  tk^ 
phragm,  cocteipotidiac  ^  ^ifiev^st  rdatife  poiu 
ttons  of  the  two  dtei,  k  Shown  is  Fig.  433, 

riinlnmi^irtc. — Of   or   perttifiliig  to  the 

[ihotomcter.     (Sec  Photonuier^ 

Phatotnetriealljr.^In  a  photometric  min- 
ncr. 

Fhntnphone. — An  instrument  invcnced  by 

Bell  for  the  telephonic  trojismission  of  juik- 
ubte  speech  along  a  ray  of  light  instead  d 
along  a  conducting  wire. 

A  l>cain  of  li^hl,  reflected  from  a  dtaphngn 
against  which  the  speaker'*  Toice  is  direct«d«k 
caa5*cd  to  fall  on  a  selenium  resistance  inserted  in 
I  he  circuit  of  a  voltaic  battery,  and  a  telephooe; 
The  changes  thus  effected  in  the  resistance  of  IIm 
circuit  by  the  varying  amounts  of  h^hl  reflected  oq 
theselenmm  resistance  from  the  diaphragm,  whjls 
moving  to  and-fro  under  theinflaenceof  thespeik> 
er's  voice,  produce  in  the  receiving  tekplionci 
series  ofto^and  fro  movements  similar  to  thoielis- 
prc^sed  on  Ihc  transmitting  diaphragnip  One  lift' 
tenmg  at  the  telephone  can  hear  whatever  has  been 
tpoken  ill  the  neighborhood  of  the  transialitmg 
diaphragm*  Telephonic  communicatios  can, 
thereforCi  hy  such  means  be  cameu  on  alon;; » 
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if  or  beam  of  light,  theoretically  through  any 
disCance.     (See  R^sistanc^^  Seicmum, ) 

A  block  of  vulcanite  or  of  certain  other  sub* 
stances  may  be  used  as  the  receiver,  since  it  has 
been  discovered  that  a  rapid  succession  of  flashes 
of  light  produces  an  audible  sound  in  small  masses 
of  these  robstances. 

The  term  ian&resctnte  has  been  proposed  for 
ic  property   po&sessed  by  such  substances  of 
itttng  sounds  when  subjected  to  such  inter- 
mittent flashes  of  light     (Sec  Sonortscenee,^ 

^K  Photophore,  Tronve's  — —  —An  appa- 
^^btU5  in  which  the  tight  of  a  small  incandescent 
^^Hectric  lamp  is  employed  for  purposes  of 
^^icdical  exploration. 

A  small  incandescent  lamp  is  placed  in  a  tube 

containing  a  concave  mirror  and  a  converging 

lens. 

Photo-Telegraphy* — ^The  electric  produc- 
[>n  of  pictures,  writing,  charts  or  diagrums 
I  a  distance. 

Photo-Telegraphy  is  somctimea  called  telepho- 

aphy;  it  is  a  species  of  fac -simile  telegraphy. 

TfUgraphy^  fac -Si mile,     Tdephatogrmphy ,) 

Phot4)-Voltalc  ltM^X,—{S€ft  Ef^ct,PAott^ 

PhfHleal    Chanjjre,— (See    CAange,   Pky- 

steal.) 

PhysJcal  Ph<iMph«rescence. — (See  Phos- 
^karescenct.  Physical.) 

PhjBlologtcat — Pertaining  to  physiolog)\ 

Physiological  Rlii»0scopf«, — (See  Pheo- 
uop€,  PkysialogicaL) 

Physiologically. — In  a  physiological  man- 
ner, 

PhysioloK;,  Electro  -=—  —The  study  of 
electric  phenomena  of  living  animals  and 
plants. 

Living  animals  and  plants  present  electric 
phenomena,  due  to  the  electricity  naturally  pro- 
duced by  them.  It  is  the  province  of  electro- 
physiology  to  ascertain  the  causes  and  eftects  of 
these  phenomena. 

Piano,  Electric A  piano  in  which 

the  strings  are  struck  by  harrtmers  actuated 
by  means  of  elect ro-magncls,  instead  of  by 
the  usual  mechanical  aclion  of  levers. 


An  electric  piano-action  is  mainly  useful  in  per- 
mitting the  instrument  to  t>e  played  at  any  dis- 
tance from  the  key-ltuard.  it  is  also  of  value 
from  the  case  it  affords  in  recording  the  piece* 
played. 

It  fails»  however,  to  properly  preserve  the  vari. 
om  modulations  of  force  so  requisite  for  brilliant 
instrumentation. 

Pickle, — An  acid  solytion  in  which  mcs 
lallic  objects  are  dipped  before  being  gal- 
vanized, or  electroplated,  in  order  io 
thoroughly  cleanse  thtir  surfaces. 

The  pickle  used  for  the  preparation  of  iron  for 
galvaniiation  is  a  weak  solution  of  sulphuric  add 
in  water.  Various  acids,  or  acid  liquids^  are  em 
ployed  for  insuring  the  thorough  cleansing  of 
metallic  surfaces  so  necessary  Jn  order  to  ensure 
an  even,  uniform,  adherent  coating  of  metal  by 
the  process  ot  electroplating,  (See  Plating, 
PUffro.) 

Piece,  Magnetf 0   Proof A  para* 

magnetic  rod,  ellipsoid  or  sphere  employed 
for  ascertaining  the  distribution  of  magnetism 
over  a  mag^net  by  the  force  required  to  de- 
tach the  same.    (See  Paramagnefic) 

Prof.  S,  P.  Thompson  points  out  the  feict 
that  the  pr^ence  of  the  proof- piece  so  alters  the 
distribution  of  magnetism  on  the  magnet  to  be 
measured  as  to  render  this  method  unreliable. 
He  also  shows  that  the  force  required  for  detach^ 
ment  depends  on  the  magnetic  permeability  of 
the  proof-piece,  as  well  as  on  its  shape  and  its 
position  m  the  magnetic  circuit 

Plwea,  Month Openings   into  air 

chambers,  generally  circular  in  shape,  placed 
over  the  diaphragms  of  telephones,  phono- 
graphs, gramophones  or  graphophones  to 
permit  the  ready  application  of  the  mouth  in 
speaking,  so  as  to  set  the  diaphragm  into 
vibration. 

The  mouth- piece  may  be  also  utilised  by  the 
ear  of  an  observer  listening  »o  as  to  be  afFecled 
by  its  vibrations. 

PIece»,  Pole,  of  Dynamo-Electric  Ma- 
li hi  tie  Masses  of  iron  connected  with 

the  poles  of  the  field  magnet  frames  of 
dynamo-electric  machines,  and  shaped  to 
conform  to  the  outline  or  contour  of  the 
armature. 
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The  pole  pieces  w*e  made  in  a  variety  of  forms, 
but  in  all  cases  arc  so  shaped  as  to  conform  to  the 
outline  of  the  space  in  which  the  armature  rotalcs. 

The  pole  pieces  are  brought  as  near  as  possible 
to  the  armature,  so  as  to  increase  the  intensity  of 
the  magnetic  induction.  The  intervening  air 
space  should  be  as  thin  as  possible,  but  of  as  large 
an  atca  as  convenient 

The  opposite  pole  pieces  should  not  have  their 
extensions  brought  too  near  together,  as  tliis  will 
permit  of  serious  loss  through  maj^'^ic  Uakage, 
The  distance  between  them  should  be  as  many 
times  the  depth  of  the  armature  windings  as 
possible*     (Sec  Lrakiig^,  Mif^pt^fic, ) 

Rounded  edges  are  preferable  to  sharp  edges 
for  the  same  reason. 


Pile,  Dry 


-A  voltaic  pile  or  battery 


consisting  of  numerous  cells,  the  voltiiic 
couple  in  each  of  which  consists  of  sheets  of 
paper  covered  with  zinc-foil  on  one  side  and 
black  oxide  of  manganese  on  the  other. 

Various  modifications  of  the  above  form  have 
been  made. 

The  term  dry-pile  is  a  misnomer,  since  all  such 
piles  contain  substances  moistened  by  liquid 
electrolytes. 


Pile,  MnscuUr,  Matteneci'R  - 


-A  vol- 


taic battery  or  pile,  the  elemeni^s  of  which  are 
formed  of  longitudinal  and  trans  verse  sections 
of  muscle  altcrnalcly  cooncctcd. 

Mattcucci's  experiments  appear  to  show  that 
the  lower  the  animal  is  in  the  scale  of  creation^ 
the  stronger  is  the  current  produced,  and  the 
longer  its  duration.  Du  Bois-Rcymond  has 
shown  that  the  muscular  current  is  not  due  to 
contact,  but  to  the  diflFcrenccs  of  electric  poten- 
tial naturally  possessed  by  the  muscles  tlienu 
selves. 

The  nerves  also  possess  the  power  of  producing 
differences  of  eltctromoiive  force^  and  hence  cur- 
rents.    (See  Eicctrotonus. ) 

Pi!e»  Thormo,  Differfntlnl A  ther- 
mopile in  which  the  two  opposite  faces  are 
exposed  to  the  action  of  two  nearly  equal 
sources  of  heat  in  order  to  determine  accu- 
rately the  differences  in  the  thermal  intensities 
of  such  sources  of  heat. 

Pile,  Thenno-ElrHjtrlc A  number 

of  separate  thermo-electric  couples,  united  in 


series,  so  as  to  form  a  single  therm o-^lectiic  ] 
source*     (See  Couple,  Thermo^ Elec(ri€^ 

A  thenno- electric  pile  is  sonsetimfci  called  %\ 
tliermo^eleclric  battery. 

Fig.  435  shows  Nobili'a  thermopile,  in  whick] 
a  numl>cr  of  bismuth- 
antimony  thermo-elec- 
tric couples  connected 
in  a  continuous  se- 
ries, as  shown  partly 
in  Fig.  434,  are  insu- 
lateti  from  one  another, 
except  at  their  junc- 
tionst  and  packed  in  a 
metallic:  box,  supported 
as  shown  in  Fig.  433* 

The  free   terminals  of  Fig.  4s j.    fk^m^Ettttrk 
the    series    are     con-  /V4r. 

nected    to  binding  posts.    Diflerences   of  lem- 
peraturc  between  the  two  (aces  of  the  pOe,  where  ] 
the  junctions  are  exposed,  result  in  «  dlfiereixe  | 
of  potential  equal  to  the  sum  of  the  difiercticei  o(  I 
potential  of  all  the  thermo-dectric  couples* 


A  careful  mspcc- 
tton  will  show  that 
the  junctions  are 
formed  successively 
at  opposite  faces  of 
the  pile,  so  that  if 
the  June  Lions  be 
numbered  succes- 
sively, th^i  even  J  unc- 
tions will  come  at 
one   £&ce,    and    the 


a+ 


A- 

^if'  434*     Sfrtlf^'CtmrntcttiJ 

odd  junctimts  at  the  other.     This    is  necessary 


in  order  to  permit  all  the  thenno-elcctric  couple 
to  add  their  ditTcrences  of  potential ;  for,  if,   lil 
in  Fig,  435,  *  thtTHW'iieetrie  ekain  be  ibrmcd, 


no  currents  will  result  from  equally  lieatinf  x 
two  consecutive  junctions  J,  J.  of  the 
and  B,  since  the  electromotive  foroesi  so 
oppose  each  other. 

Thermopiles     ba^e     been      constructed     by 
Clamond,  of  couples  of  iron  and  an  ^Hoy  of  xin^H 
and  antimony,  of  suScient  power  to  produce  d^| 
voltaic  arc  whose  illuminating  power  equmted  4* 


adbumcTB.    Many  ptAClical  difficulties  exist 

h  will  have  to  be  sur mounted^  however,  before 

h  piles  cui  be  employed  as  commercial  electric 


■lit,  Y4>lUic  -=—  —A  battery  consisting 
I  number  of  voltaic  couples  connected  so 
lo  form  a  single  electric  source 

arm  simibr  to  VoUa's  original  pile,  cotisist- 
of  alternate  discs  of  copper  and  linc,  »cparaled 
m  each  other  by  discs  of  wet  cloUi,  and  piled 
one  another,  so  as  to  form  anumljer  of  separate 
taic  couples  connected  in  series^  is  shown  in 
:,  4j6.  The  thick  plates  marked  Zo,  are  of 
c  ;  the  copper  plates,  marked  Cu,  are  much 


The  discg  of  moistened  cloth  are  shown 
One  end  of  such  a  pile  would  then  be 
minatcd  by  a  plate  of  coppcr»  and  the  other 
a  plate  of  jeinc.  The  copper  end  forms  the 
tUh*^  tUiirftU^  and  the  line  end  tlie  nrptiive 
Mnde.    (See  £>//.  F^Z/^V  ) 

BTot  Laniij.— (See  Lamfi,  Pilot:) 

Jot  Trausfiirmer.— (Sec  Transformer, 

lot  WJim— (See  Wires,  PiM.) 


Pill,  IiiHulator A    bolt   by  means 

of  which  an  insulator  is  attached  to  the  tele- 
graphic support  or  arm. 

The  insulator  pins  or  bolts  are  generally  fixed  to 
the  insulator  by  means  of 
screw  til  reads  turned  on 
their  ends.  They  are  then 
cemented  to  the  insulators  by 
any  suitable  moiitnre -proof 
cement* 

The  pin  and  insulator  con. 
nected  to  one  another  by 
means  of  a  screw  thread  are 
shown  in  Fig.  437. 

Pin,  Switch A 

metallic  pin  or  plug  pro- 
vided for  insertion  in  a 
telegraphic  switch  board. 
A  form  of  switch  pin  is 
shown  in  Fig.  438.  The 
uietalbc  end  is  conical  in 
form,  and  is  provided  with 
two  longitudinal  slots  at 
right  angles  to  each  other  in 
order  to  insure  a  light  spring  connection  with 
the  metallic  contact  plate  in  which  the  pin  is  in* 
scrted. 

Pith,— A  Ught,  cellular  material,  forming  the 
central  portions  of  most  exogenous  plants* 

An  excellent  pith,  suitable  for 
electrical  purposes,  is  furnished  by 
the  dried  interior  of  the  eldcr-l>erry 
stick. 

Pith  Ball.-{See  Balis,  Pith:) 

Pith  -  Bal I    £lcctrf»geo|»e.  — 

(See  Eieciroscope,  Pfth-Bali:\ 

PiTot  Sn«p«>nHlnn.— (Sec  Sus- 

pension^  Pivot.) 

Plain-Pendant  A  rgranil  Elec* 
trie  Burner.  —  (Sec  Burner, 
Plain- Pendant  Electric :) 


437*    Imrmlaitr 
tin. 


Fig,  438. 

5ontek  Pm, 


Plain-Pendant  Bleetrie  Burner*  — (Sec 
Burner,  Plain^Pendani  Electric) 

Plftne  Angle,— (Sec  Angle,  Plane:) 

Plane,    Proof A   small    insulated 

conductor  employed  to  take  test  charges  from 
the  surfaces  of  insulated,  charged  conductors* 


Pla.] 
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The  proof-ptane  is  used  in  connection  with 
some  form  of  electrometer*  (See  Balance^  Cau* 
/omS^s  TffrhffH,) 

Plane,  Pmof,  Magnetic  - — ^— A  small 
coil  of  wire  placed  in  the  circuit  of  a  delicate 
galvanometer,  and  used  for  the  purpose  of 
exploring  a  magnetic  field. 

When  the  coil  is  suddenly  inverted  in  a  mag- 
netic field,  if  a  long-coil  galvanometer  provided 
with  a  heavy  needle  is  used,  the  number  of  lines 
of  force  which  pass  through  the  area  of  cross-sec- 
tion of  the  coil  will  be  proportional  to  the  sine  of 
hilf  the  angle  of  the  first  swing  of  the  needle. 

Plant-^A  word  sometimes  used  for  in- 
stallation, or  for  the  apparatus  required  to 
carry  on  any  manufacturing  operation. 

An  electric  plant  includes  the  steam  engines 
or  other  prime  motors,  the  generating  dynamo  or 
dvnamoSp  the  lamps  and  other  electro- receptive 
devices,  and  the  circuits  connected  therewith. 

Plant  ElcTtrtcity.  —  (See  Electricity, 
Plant.    Plants,  Electricity  of) 

Plants,   Electricity  of Electricity 

produced  naturally  by  plants  during  their  vig- 
orous growth. 

BuBois-Rcymond  and  others  have  shown  that 
plants  while  in  a  vigorous  vital  state  are  active 
sources  oC  electricity* 

If  one  of  the  terminals  of  a  galvanometer  be 
inserted  into  a  fruit  near  its  stem,  and  the  other 
terminal  into  the  opposite  part  of  the  fruit,  the 
galvanometer  at  once  shows  the  presence  of  an 
electric  current. 

Buff  has  shown  that  the  roots  and  interior  por. 
tions  of  plants  arc  always  negatively  charged, 
while  the  flowers,  fruits  and  green  twigs  are  posi* 
tivciy  charged. 

Plant  tissue  or  fibre,  like  the  muscular  fibre  of 
animals^  exhibits  in  many  cases  a  true  contraction 
on  the  passage  through  it  of  an  electric  current. 
This  is  seen  in  the  Mimosa  stnsiiiva^  or  Sensitive 
Fern,  in  the  Venus'  Fly-Trap,  and  in  several  other 
species  of  plants. 

Pouillet  concludes  from  numerous  observations 
that  the  free  positive  electricity  of  the  atmosphere 
is  ]:>artty  due  to  the  vapors  disengaged  by  grow- 
ing plants. 

The  peculiar  geographical  distribution  of  thun- 
der storms,  however,  does  not  favor  this  assump- 


tion.    (See  Storm ^   Thunder^   Geograpkital  Dis-^ 
tribution  of,) 

Plastics,  Galratio A  term  some^l 

times  employed    for    clectrotyping,   that  is| 
where   the   deposits  are  sufficiently  thick  to 
permit  of  ready  separation  from  the  object^ 
which  forms  the  mould. 

Literally,  the  cold  moulding  or  shaping  of  J 
metals  by  clectrotyping.  (See /Va//>^,  £^v 
tro.    Metallurgy,  Electro^ 

The  word   galvano-plastics  is  sometimes  laed' 
as  synonymous  with  electrotyping,  electro*] 
ing,  OT  electro -metallurgy  generally* 


Plant les^  Hydro 


-The  art  of 


trically  shaping  or  depositing  metals  in  the 
wet  by  electrotyping.  (Sec  Plasii£s,  Gd- 
vano,) 

Flat«,  Arrest'Cr,  of  Lightntng  Protector 

Thai    plate   of  a  lightning  protector , 

which  is  directly  connected  with  the  circuit  | 
to  be  protected,  as  distinguished  from  the  plate 
that  is  connected  with  the  ground.     (Sec  J 
Arrest er^  Lightning.) 

Plate  Condcnj^er.— (See  Condenser,  Plate] 
Platf ,  Clroimd,  of  Li|rli  tiling  ArTe4»t4?r 

—That  plate  of  a  comb  lightning  arrester 
which  is  connected  to  the  earth  or  ground, 
(See  Arrester,  Lightning,  Comb,) 

Plate,  NegatlTe,  of  Storage  Cell  ^ 
That  plate  of  a  storage  cell  which,  by  the! 
action  of  the  charging  cunienl,  is  converted 
into  or  partly  covered  with  a  coating  of  spongy 
lead. 

That  plate  of  a  storage  battery  which  i'S^k 
connected  with  the  negative  terminal  of  the^ 
charging  source,  and  which  is  therefore  the 
negative  pole  of  the  battery  on  discharging. 

The  usage  is  the  reverse  of  that  in  the  case  ol  ^ 
the  primary  iMittcry* 

Plate,  NegAtlre^  of  Toltnlc  Cell 1 

The  electro-negative  clement    of    a  volla 
couple.     (See  Couple,  Voltaic) 

That  element  of  a  voltaic  couple  which 
negative  in  the  electrolyte  of  the  cell,  (S 
Electrolyte.) 

The  negative  plate  of  a  voltaic  cell  is  tike  plat< 
not  acted  on  by  the  electrolyte.     la  a  jiDC<c 
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couple  in  dilute  suJphuHc  acid^  the  carbon  plate 
is  the  negative  plalc.     (See  CV//,  Folfaic.) 

The  neg*tivc  plate  is  to  be  carefully  distin- 
guished Croin  the  negative  pole,  which  ls  the  ter- 
miuaX  connected  to  the  positive  plate.  The 
terminai  connected  to  the  negative  plate  is  the 
positive  pole,    (See  CV//,  Voltaic.) 

Plate,  PosItiTe,  of  Storage  Battery 

— Tliat  plate  of  a  storage  battery  which  is 
converted  into,  or  covered  by,  a  layer  of  lead 
perojddc,  by  the  action  of  the  charg^ing  current. 
That  plate  of  a  storage  battery  which  is 
connected  with  the  positive  terminal  of  the 
arging  source  and  which  is.  therefore,  the 
isitive  pole  of  the  battery  on  discharging. 
It  will  be  noticed  that  the  usage  in  this  respect 
is  the  reverie  of  that  in  the  case  ol  primary  bat- 
teries, in  which  the  positive  plate  is  positive  in 
the  liquid  only;  the  end  which  projects  from  the 
[Oid,  or  the  terminal  connected  with  it  being 
;ativc 
In  storage  batteries,  the  positive  plate  is  con- 
with  the  positive  pole.  (See  Battery ^ 
St^ragf,    Ctll,  Voltaic.) 

Plate,  Posit! Te,  of  Toltalc  Cell  ^^—  — 

The  electro-positive  element  of  a  voltaic 
couple.     (See  Couple,  Voiiaic.) 

That  element  of  a  voltaic  couple  which  is 
positive  in  the  electrolyte  of  the  cell  (See 
Electrolysis^ 

The  positive  plate  of  a  voltaic  cell  is  the  plate 
out  from  which  the  current  flows  through  the 
electrolyte. 

The  *inc  plate  of  a  zinc. carbon  couple  is  the 
positive  plate,     {^^dil.  Voltaic,) 

The  current  leaves  the  cell,  however,  to  flow  or 
through  the  external  circuit  at  the  wire  or 
inal  connected  with  the  negative  plate.    (See 

•//,  Voltau.) 

Plate,    Primary,  of   €ou denser 

That  plate  of  a  condensing  transformer  in 
which  the  inducing  charge  is  placed  in  order 
to  induce  a  charge  of  different  potential  in  the 
secondary  plate. 

PUte*  8etondary,  of  CondenHer 

That  plate  of  a  condensing  transformer  in 
which  the  induced  charge  is  produced  by  the 
induction  of  a  charge  on  the  primary  plate, 

Plate,  Zinc,  of  Voltaic  Cell  Amttliraina- 


^acit 


tlon  of  — Covering   the  surface  of  the 

zinc  plate  of  a  voltaic  cell  with  a  thin  layer  of 
amalgam  in  order  to  avoid  local  action.  (Sec 
Action,  Local,  of  Voltaic  Cell  Zinc,  Amal- 
gamaiion  of,) 

Platen,  Arrester A  term  sometimes 

applied  to  the  two  plates  of  an  ordinary  comb 
lightning  arrester,  (See  Arrester ^  Lightning, 
Comb.) 

The  plate  that  is  connected  to  the  line  to  be 
protected,  is  more  correctly  called  the  arrester 
plate,  and  that  connected  to  the  ground  the  ground 
plate. 

Plates   of  Secondary  or  Storage  Cell, 

FomiinfiT  of Obtaining  a  thick  coating 

of  lead  i^eroxide  on  the  lead  plates  of  a  storage 
battery,  by  repeatedly  sending  the  charging 
current  through  the  cell  alternately  in  opposite 
directions. 

The  effect  of  sending  a  current  between  two 
lead  plates  immersed  in  dilute  sulphuric  acid,  is  to 
coat  one  of  the  plates  with  lead  peroxide.  On  the 
sending  of  the  current  in  the  opposite  direction, 
the  other  plate  is  coated  with  lead  peroxide.  If 
now  the  current  is  sent  in  the  opposite  direction, 
more  peroxide  is  deposited  on  one  of  the  plates, 
and  the  peroxide  at  the  other  plate  is  converted 
into  spongy  lead. 

At  the  end  of  charging,  the  battery  will  form 
an  independent  source  of  current,  fSee  €>//, 
Storage, ) 

Platform,  Polo A  platform,  capable 

of  supporting  several  men,  placed  on  a  termi- 
nal pole  pronded  with  a  cable  box,  for  the 
purpose  of  affording  a  ready  means  of  inspect- 
ing and  arranging  the  conductors  in  the  box. 

Plating  Balance.— (See ^iiAi/r^tf.  Plating,) 

Plating  Bath,  Electro (See  Bath, 

Electro-  Plating.) 

Platlnir,   Copper  ^Electro-plating 

with  copper.  (See  Plating,  Electro,  Bath, 
Copper,) 

Plating,  Electro  — —  —The  process  of 
covering  any  electrically  conducting  surface 
with  a  metal  by  the  aid  of  the  electric 
current. 

By  the  aid  of  electro* plating,  the  baser  metals 
arc  covered  with  silver,  gold  or  platinum,  or  with 
any  other  metal,  such  at  nickel  or  copper. 
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The  process  of  elect ro-platijig  is  carried  on  as 
follows: 

The  object  to  be  plated  is  connected  with  the 
negative  terminal  of  a  battery  and  placed  in  a  so- 
lution of  the  metal  with  which  it  is  to  be  plated, 
opposite  a  plate  of  that  metal  coontcted  to  the 
positive  terminal  of  the  battery*  If»  for  example, 
the  object  is  to  be  plated  with  copper,  it  is  phced 
in  a  solution  of  copper  sulphate  or  blue  ritriot» 
opposite  a  plate  of  copper.  By  this  arrangement 
the  object  to  be  plated  forms  the  kathode  of  the 
plaling  bath,  and  the  plate  of  copper  forms  the 
anode. 

On  the  passage  of  the  current  the  copper  sul- 
phate (Cu  SO^)  is  decomposed,  metallic  copper 
being  deposited  in  an  adherent  layer  on  the  arti- 
cles  attache*!  to  the  kathode^  and  the  acid  radical 
(SO4)  appearing  at  the  anode,  where  it  combines 
with  one  of  the  atoms  of  the  copper  plate.  Since 
for  every  molecule  ofcopper  sulphate  decomposed 
in  the  electrolyte,  a  new  molecule  of  copper  sulphate 
is  thus  formed, by  the  gradual  solution  of  the  copper 
anoic,  the  strength  of  the  solution  in  the  bath  is 
maintained  as  long  as  any  of  the  copper  plate  re. 
mains  at  the  anode,  and  the  ordinary  activity  of 
the  cell  is  not  otherwise  interfered  with. 

When  any  other  metals,  such  as  gold,  silver  or 
nickel,  for  example,  are  to  be  deposited,  suitable 
solutions  of  their  salts  are  placed  in  the  bath,  and 
plates  of  the  same  metal  hung  at  the  anode. 

The  character  and  coherence  of  the  metallic 
coatings  thus  obtained  depend  on  the  nature  and 
strength  of  the  plating  bath,  and  on  the  density 
of  tlie  current  employed.  The  sire  and  position 
of  the  anode,  as  compared  with  the  size  and  posi- 
tion of  the  objects  to  be  plated »  must  therefore  be 
carefully  attended  to,  as  well  as  the  strength  of 


spoons,  forks,  etc.,  to  be  plated  are  immersed  m 
a  suitable  silver  soludon  and  connected  with  tic 
kathode. 

The  electro  plating  process  when  employed  for  I 
the  production  of  electrotype  plates  is  callel4 
clectrotypbg.  Here  the  object  is  to  obtain  a  re^l 
production  in  metal  of  any  particular  form,  sw!k\ 
as  of  type  or  of  some  natural  object  It  was  J 
called  by  Jacobi  the  gahfanfip^tsfi€  pnxcss.  The  ] 
term  tl^trotypmg  is,  however,  more  gcncralif 
adopted.     (Sec  Eltttr^typmg,  #r  the  EUar^if^f 

PUtingr,  CtoW Electrcvplatin^  with  < 

gold.     (See  Pluiip^,  Electro,    Baik,  GoU) 


Nickel  — Electro  -  plating 

(See  Plating.  Ehctro,    BmiK 


Pig,  4SQ*    Eit€tr^ Bating 

the  metallic  solution  and  the  cument  strength 
passin  g .     (See  Curreni  Density . } 

Fig.  459»  shows  a  bath  arranged  for  silver, 
platxng. 

The  anode  consists  of  a  plale  <if  silver.    The 


Plating, 

with   nickel. 
Nickel,) 

Plating,  Sectional —Plating  an  anide 

with  a  greater  thickness  of  metal  at  ceftin 
pomts  than  at  the  rest  of  ibc  stirfacc 

Sectional  plating  is  employed  for  such  obiects 
as  spoons,  etc.,  which  are,  by  this  method,  givra 
a  greater  thickness  of  deposit  at  the  under  p<7rtioi»  j 
of  the  bowl  and  handle,  where  the  spoon  1 
rest*,  and  is,  therefore,  exposed  to  tlie  gmlest 
wear. 

Sectional  plating  is  effected  by  means  of  i 
tional  plating   frames.      (Sec   /Va/Ai^,    BU«ir<>>  \ 
FramiS^  Sectional  Plating,) 

Plating,    Sliver    — Electro-platmf I 

with    silver.     (Sec  Piaiing,  Eitctro,     IMK ! 
Silver,) 

Platinoid.— An  alloy  consisting  of  German  ^ 
stiver  containing  t  or  2  per  oeni.  of  mctiHicfl 
tungsten. 

riatinoid  is  suitable  for  use  in  resotanoeooilt  00 
account  of  the  compafathrdy  small  iBflnence  pro- 
duced on  its  electric  reststance  bj  diangief  U 

temperature. 

Its  resistance  is  60  per  cent,  higher  than  that 
of  German  silver. 

Platlattm.— A  refractory  and  not  xciMf 
oxidizable  metal,  of  a  tin- while  colon 

The  CO -efficient  of  expansion  of  ptattnuni  lif| 
heat  is  very  nearly  that  of  ordinary  glass, 
linura  is,  therefore,  generally  employed  lor  1 
leading -in  conductors  of  an  incandescent  Unp*! 
These  conductors  are  Iiised  into  the  glass  ol  Chei 
li&mp  chamber.     On  the  heating  of  tlie  wirei  ^ 
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the  current  the  glass  expands  equally  with  the 
wirei,  and  the  vacuam  in  the  lamp  chamber  is 
not,  therefore,  injured. 

Platintim  Alloy,— (See  Al/&y,  Platinum* 
vr.) 

FUtlnmn  Blu^k. — Finely  divided  platinum 
that  possesses,  in  a  marked  degree,  the  power 
of  absorbing  or  occluding  gases. 

PlatiDuin  black  is  obtained  by  the  action  of 
poUssittni  hjdrate  on  pbtinum  chloride.  Unlike 
inrtallic  pladnuai  it  is  of  a  black  color. 

Pltititiiiiu  Fii»e, — (See  Fuse,  Platinum,) 

PiuUaoiu  surer  Alloy,— (See  Aiioy,  Plat- 

\um*Sihfer.) 

PUtinnm  Standard  Light— (See  Light, 

Platinum  St  a  nda  nl. ) 

PUtymetcr. — An  instrument  invented  by 
Sir  William    Thomson   for    comparing    the 

I  capacities  of  two  condensers. 
I  Plow. — The  sliding  contacts  connected  to 
pe  motor  of  an  electric  street  car,  and  placed 
Irithin  the  slotted  underground  conduit,  and 
prorided  for  the  purpose  of  taking  off  the 
current  from  the  electric  mains  placed  therein, 
as  the  contacts  are  pushed  forward  over  them 
by  the  motion  of  the  car. 

Similar  contacts,  placed  in  the  rear  of  the  motor 
car  and  drawn  after  the  train,  form  what  Is  techni- 
cally known  as  the  sled,  or  when  rolling  on  over- 
head wirea  ad  trolleys,     (See  Railroad^  Electric) 

Plow,  Electric ^— A  plow  driven  by 

an  electric  motor  placed  cither  on  a  wagon  to 
which  the  plow  is  attached,  or  by  a  stationary 
€lectro-motor,  by  the  aid  of  cords  or  other 

xible  belts. 

One  of  the  firot  practical  applications  of  the  elec- 
tric transmission  of  cncrjjy  was  lor  the  operation 
of  a  plow,  dnvendectricallyf  by  an  electric  current 
gcofifated  at  aome  distance,  and  trans^mitted  to 
the  electric  motor  by  suitable  conductors, 

PI  ticker  Tabe*— (See  Tuhe,  Plucker.) 

Plug.— A  piece  of  metal  In  the  shape  of  a 
Itig,  provided  for  making  or  breaking  a  cir- 
il  by  placing  in»  or  removing  from,  a  con- 
ical   opening    formed   in    the   ends  of    two 
ciosely  approarhcd  pieces  of  metal  which  are 


connected  with  the  circuits  to  be  made  or 
broken. 

As  the  plug  is  inserted  in  the  opening  it  bridges 
over  the  opening  and  thus  closes  the  circuit  con- 
nected with  the  separate  pieces  of  metals.  On 
removing  the  plug  the  circuit  is  openod  or  broken. 

Plug, — In  telegraphy,  an  inexpert  operaCor. 

PlnpTt  Double  — -A  plug  so  constructed 

that  when  inserted  in  a  spring- jack  it  makes 
two  connections,  one  at  its  point  and  one  at 
its  shank,     (See  Spring- Jack,) 

Plu^f   Fusible  — ^A  term   sometimes 

applied  to  a  safety  fuse.     (Sec  Plug,  Safety*) 

Fliiir,  In  Unity — A  plug  hole  in  a  box 

of  resistance  coils,  in  which  the  two  pieces  of 
brass  it  connects  arc  not  connected  by  any 
resistance  coil,  and  which,  therefore,  leaves, 
when  withdrawn,  an  open  circuit  of  an  in- 
iinite  resistance. 


Plug,  Safety 


-A  wire,  bar,  plate  or 


strip  of  readily  fusible  metal,  capable  of  con- 
ducting, without  fusing,  the  current  ordinarily 
employed  on  the  circuit,  but  which  fuses,  and 
thus  breaks  the  circuit,  on  the  passage  of  an 
abnormal  current,     (See  Fuse,  Safety,) 

A  safety  plug  is  only  used  on  circuits  in  which 
the  electro -receptive  devices  arc  connected  with 
the  leads  in  multiple*  In  this  case  the  fusing  of 
the  safety  plug,  and  the  consequent  opening  of  the 
circuit  with  which  it  i%  connected,  docs  not  affect 
the  rest  of  the  circuit.  On  series-connected  circuits 
a  dilTcrcnt  form  of  safety  device  is  used,  (See 
Cut  Out,  Aut^matk^  for  Seriei^Qonnected  Eiet* 
trQ-Rtceptive  Detnces. ) 

Plug,  HhortC-ireuHin)? A  plug  by 

means  of  which  one  part  of  a  circuit  is  cut 
out  by  being  short-circuited. 

Pln«r  Swi tell.— (See  Switch,  Plug,) 

Pliisr,    Wall A  plug  provided  for 

the  insertion  of  a  lamp  or  other  electro-re- 
ceptive device  in  a  wall  socket,  and  thus  con- 
necting it  with  a  lead. 

PlugrjurJng.— Completing  a  circuit  by  means 
of  plugs. 

Pings,  Orid Plugs  of  active  ma- 
terial that  fill  the  spaces  or  apertures  in  the 
lead  grid  or  plate  of  a  storage  battery. 
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The  actire  material  farmmg  the  ptu^  is  placed 
in  the  spaces  in  the  grid  whDe  in  the  plastic  con- 
dition. On  the  subsequent  hardening  of  this  ma- 
terial, these  grid  plugj  cannot  readily  fall  out, 
since  the  spaces  are  so  shaped  that  their  interior 
portions  arc  ol  greater  diameter  than  at  the  sur- 
face of  the  plates. 

Plnjubo^o, — An  allotropic  modification  of 
carbon. 

rtumbago,  the  material  commonly  known  as 
biaik  iiady  is  the  same  as  graphite^  Powdered 
plumbago  is  employed  in  eiectr&typtng  prmgsiex 
for  rendering  non-conducting  surfaces  electrically 
conducting.  For  this  purpose  powdered  plum- 
bago is  dusted  on  the  surfaces,  which  thus  acquire 
the  power  of  receiving  a  metallic  lustre  l>y  fric- 
tion. Stove  polishes  arc  formed  of  mixtures  of 
plumbago  and  other  cheap  materials.  (See 
Graphite*) 

Strictly  speaking,  the  term  graphite  is  properly 
appUed  to  such  varieties  of  plumbago  as  are  suit- 
able for  direct  use  for  writing  purposes^  as  in  lead 
pencils. 

Ptmiibafro,   Coppered  —  Powdered 

pltimbago  coated  with  copper,  for  use  in  the 
metallizalion  of  objects  to  be  electro-plated. 
(See  MetallizaiioH) 

Plumbag^o,  Gilt Powdered  plum- 
bago whose  conducting  power  for  electricity 
has  been  increased  by  coating  it  with  metallic 
gold. 

Gik  plumbago  is  used  for  rendering  non-con- 
ducting surfaces  electrically  conducting  and  thus 
preparing  them  for  electro -plating. 

To  prepare  gilt  plumbago^  dissolve  in  too  parts 
of  sulphuric  ether  i  part  of  chloride  of  gold,  mix 
in  this  60  parts  of  powdered  plumbago,  and  ex- 
pose to  air  and  light  until  all  ether  has  volatilized. 
Then  dry  in  an  oven. 

PliiRibiiga,      Silvered  ^Powdered 

plumbago  coated  with  metallic  silver  for  use 
in  the  metallization  of  objects  to  be  electro- 
plated* 

Finugo  Battery,— (See  Battery,  Plunge,) 

Pneiioiatie  Perforator.— {See  Perforator^ 
Pneumatic^ 

Pneumatic  Hignais,  Electro (See 

Signals,  Electro-Pneumaiic) 

Pocltets,  Anualiire Spaces  pro- 
vided in  an  armature  for  the  reception  of  the 


armature    coils,     (See   Coils,  Armature, 
Dynamo-EUctric  Machine.) 

Poggeiidorir's  Voltaic  Ceii.— (See  Cei 
Voltaic,  Po^gendorff's,) 

Point,  Carbon A  term    foone 

applied  to  the  carbon  electrodes  used  in  the' 
production  of  tlie  voltaic  arc. 

Pointy  IndifTerent  — A  point  in  1 

intra-polar  regions  of  a  ner\*c  where  the  ane-l 
Jectrotonic  and  kathelcctrotonic  regions  meet,  I 
and  where  the  excitability  is  tiierefo^re  un-l 
changed. 

This  is  sometimes  called  the  neutral  point 

Point    of  Ligfatning    Rod.  — (See  Ii§d^\ 

Lightning,  Points  on,) 

Point  of  Origin.— (See  Origin,  Point  of) 

Point,  Neutral  — —  —In  electro-thera- 
peutics, a  term  sometimes  used  instead  of  in- 
different point.     (See  Point,  Indifferent.) 

Pointy  Nudal The  null  point  in  ft 

circuit  traversed  by  electric  ascillalions.    (Sec 
Point,  NulL) 

Pointy  Nail  —  — Such  a  point  00  a 
micrometer  circuit,  that  when  joined  or  coO' 
nected  with  the  second- 
ary circuit  of  an  in- 
duction coil,  the  sparks 
in  the  micrometer  cir- 
cuit are  either  very 
greatly  decrea^sed  or 
are  entirely  absent. 

The  null  point  on  the 
micrometer  circuit  is  situ- 
ated symmetrically  with 
respect  to  the  micrometer 
knobs. 

If  the  induction  coil  A, 
Fig.  440,  has  its  second- 
ary circuit  connected  as  a        f  • 
shown  with  the  micnom-     ^v  4*^* 
etcr  circuit  at  the  point  e,  situated  at  the  centre 
of  the  micrometer  drcm't,  ihe  point  will  be  a  n^tU 
point,  and  the  effects  of  sparks  at  the  micrometer 
knobs,   at  M,  will  be  greatly  decreased,     Undc 
the  conditions  shown  in  the  figure,  the  elect 
oscillations  in  the  micrometer  circuit  must  be  re- 
garded as  in  the  condition  of  statioauy  waves  0|^ 
vtbratians.     It  would  seem,  therefore,  that  dc^| 
nite  waves  or  vibrations  arc  setup  in  the  inicroiB* 


I 


B 


Poi.] 


411 


LPoI. 


eter  circuit,  in  the  same  way  as  are  the  vibra- 
tioQJi  produced  in  an  elastic  bar  set  in  vibration 
by  a  violin  bow,  or  by  a  blow  from  a  Kaminer, 


^Bilaces 


Points,  Consequent  - 


-The  points  or 


laces  in  an  anomalous  maj^net  where  the 
ucnt  poles  are  situated*  {St/tiMa^ntt, 
aiotis,    Pole,  Anomalous.) 

P(»Ittt«,      Corresponding    —Points 

where  the  lines  of  eicclrostatic  force   sur- 
rounding an  insulated    charged    conductor 
enter  the  surfaces  of  neighboring  conductors. 
Points  on  the  surface  of  a  body  placed  in 
an  electrostatic  field  where  the  lines  of  elec- 
trostatic force  enter  its  surface »  and  thus  pro- 
duce   a  charge  equal   and  opposite  ta   that 
of  the  surface  of  the  body  at  the  points  fr^m 
which  they  came. 
Corresponding  points  receive,  in  accordance 
l^irith  the  laws  of  electrostatic  induction,  charges 
qua!  and  opposite  to  those  of  the  surfaces  from 
*  ivhich  the  lines  of  electrostatic  force  originate. 

Points,  Electric    Action   of -—The 

effect  of  points  placed  on  an  insulated, 
charged  conductor,  in  slowly  discharging  the 
conductor  by  electric  convection.  (Sec  Con- 
vection, Electric.) 

The  cause  of  this  action  of  points  is  to  be  at- 
tributed to  the  increased  density  of  a  charge  on 
the  surface  of  a  conductor  at  the  points  and  the 
consequent  production  of  convection  streams  of 
air,  which  thus  gradually  carry  olT  the  charge* 
(Sec  CAarge^  Duiribution  of,) 

I     PoiutH^  I»o-Eieetrlc A  term  some- 

'  times  used  in  eiectro-therapeutics  for  points 
of  equal  potentiaL 

Points,  Neotralt  of  Dynamo-Electric  M a- 

eklne Two  points  of  greatest  cUfTer* 

encc  of  potential,  situated  on  the  commutator 
cylinder,  at  the  opposite  ends  of  a  diameter 
hereof .  at  which  the  collecting  brushes  must 
;  in  order  to  carry  off  the  current  quietly. 

These  are  called  the  neutral  points  because  the 
Nb  that  are  short-circuited  by  the  brushes  lie  in 
be  magnetically  neutral  points  of  the  armature. 
;  Z/W,  Xrtiirat^  of  C&mmtdat&r  CylindrrJ) 

Pointy  Neutral*  nf  Magnet Points 

'  approximately  midway  between  the  poles  of 
li— Vol.  1 


a  magnet.     (Sec  Line^  Neutral,  of  a  Magneto 

Magnet,  Equator  of.) 

Pointii,  Neiitnil.of  Thcrino-Elcctrie  Dia* 

gram The  points  on  a  thermo-electric 

diagram  where  the  lines  representing  the 
thermo-electric  powers  of  any  two  metals 
cross  one  another. 

A  mean  temperature  for  any  two  metals  in 
a  thermo-electric  series,  at  which,  if  their  two 
jynctions  are  slightly  over  and  sUghily  under 
the  mean  temperature  (the  one  as  much 
above  as  the  other  is  below),  no  effective 
electromotive  force  is  developed.  (See  Dia- 
gram, Tltermo-Electric,  Couple^  ThermO' 
Electric:) 

Poiuts  or  Riiumbi^  of  Compass.— (See 
Compass^  Points  of.) 

Polar  Region.— (See  Region,  Polar,) 

Polar  Tips.— (See  Tips,  Polar.) 

Polarity,  Ifiamagnelic A  polar- 
ity the  reverse  of  ordinary  magnetic  polarity, 
the  existence  of  which  was  assumed  by  Fara- 
day to  explain  the  phenomena  of  diamag- 
netjsm,     (See  Diamagnetism,) 

Faraday  assumed  that  diamagnetic  substances, 
when  brought  into  a  mag^netic  field,  acquired 
H0rth  mapuiism  in  those  parts  that  were  nearest 
the  north  pole,  instead  of  south  magnet hm^  as 
with  ordinary  miignctic  substances.  The  north 
pole  thus  obtained  would,  he  thought,  explain 
the  apparent  repulsion  of  a  slender  rod  of  any  di- 
aniagnetic  material  delicately  suspended  in  a 
strong  magnetic  field,  and  cause  it  to  point  equa- 
torially,  or  with  the  lines  of  force  passing  through 
its  least  dimensions.  This  supposition  was  subsc- 
qu'jntly  abandoned  by  Farad »y.  It  has  recently 
been  r  vived  by  Tyndall     (See  Diamaputism.) 

The  action  of  a  diamagnetic  body,  when  placed 
in  a  magnetic  Betd,  is  now  generally  ascribed  to 
the  fact  that  the  atmosphere,  by  which  such  body 
is  surrounded,  h  more  powerfully  paramagnetic 
than  the  diamagnetic  substance.  The  diamag- 
netic  substance  comes  to  rest  in  an  equatorial  posi- 
tion, because  in  that  position  there  is  the  greatest 
length  of  air  in  the  path  of  the  magnetic  lines, 
which  has  a  smaller  magnetic  resistance  than  the 
diamagnetic  substance. 

Polarity,  Mn^netic The   polarity 

acquired  by  a  magnetizable  substance  when 
brought  into  a  magnetic  6eld. 
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The  diroctian  of  magnetic  polarity,  acquired  by 
a  substance  when  brought  into  a  magnetic  ficld» 
depends  on  the  direction  in  which  the  lines  of 
ma^etic  force  pas5  through  it  Where  these 
lines  enter  the  substance  a  souih  pole  is  pro- 
duccdf  and  where  they  pass  out,  a  north  pole  is 
produced.  The  axis  iff  magnttisatian  lUs  irt  tfu 
direction  0/  the  Ihus  &f  forcf  as  they  pais 
tkraugk  the  hod}\  and  the  intensity  of  magmetiza* 
tioH  depends  on  the  number  of  these  lines  of 
force  which  pass  through  the  body. 

The  cause  0/  magnetic  polarity  is  not  definitely 
known.  Hughes'  hypothesis  attributes  it  to  a 
property  inherent  in  ail  matter.  Arapere  at- 
tiibates  it  to  dosed  electric  circuits  in  the  ultimate 
particles.  Whatever  its  cause,  it*  is  invariably 
manifested  by  a  magnetic  field,  the  lines  of  force  of 
which  arc  assumed  to  have  the  direction  already 
mentioned.  (See  Mugn^frsm^  Hughes^  Theory 
cf.  Magnetism,  Ampere^  s  THetrry  &f.  Magnet - 
ismy  Ewing's  The&ry  of.) 

Polarization,     Oalvunic A    term 

sometimes  applied  t«3  the  polarization  of  a 
voltaic  cell.  (See  CtH,  V&iiaic^  Polan'sa- 
//on  of.) 

Polarization.  Int^rnai  of  Moist  Bodiei^ 

—A    polarization    CTthibited     by    such 

moist  bodies  as  the  nerves,  muscular  fibres, 
the  juicy  parts  of  vegetables  and  animals,  or 
in  general  by  all  l>odies  possessing  a  firm  struc- 
ture filled  with  a  liquid,  on  the  passage 
through  I  hem  of  a  strong  electric  current, 

Polarlzatiou^   Mji^piettc  Botiiry 

The  rotation  of  the  plane  of  polarization  of  a 
beam  of  plane-polarized  light  consequent  on 
its  passage  through  a  plate  of  glass  subjected 
to  the  stress  of  a  magnetic  field*  (Sec  Rota- 
tion, MagnetO'Optk  ^) 

Polarization  of  Plt^lee trie— (See  Dielec- 
trut  Polar  I  sat  ion  of,) 

Polarization  of  Electrolyte.— (See  Elec^ 
trtdyte,  F&tarisaUo$%  of,) 

PolaHzation  of  Toltaic  C«U.— <Scc  Ceil, 
Volfau,  Palarisattm  of.) 

Palmrlied    Annatare.— (Sec    Armature, 

Polar  tzeii.) 

Polarized  Relay.— (See Relay,  Polarized) 
Ptrl&rizing      Current  —  (See      Current , 

PolarizatwH,) 


Polarizing  Electro-Tlierapentic  Cim^nk 
—(Sec  Currenl,  Electrth-  Therapeutic  PoiAr* 

izing.) 

Pole^  Analoffons^  — That  pole  of  a 

pyro-cleciric  substance,  like  tourmaline,  which 
acquires  a  positive  electrification  while  the 
temperature  of  the  crystal  is  rising*  (Sec 
Electricity^  Pyro.) 

Pole,  Anomalons -A  name  some^ 

times  given  to  those  parts  or  poles  in  an 
anomalous  magnet  wiiicb  consist  of  two  simi- 
lar free  poles  placed  together,  (See  Magnet^ 
Anomalous^ 

Pole,  Anti1ogroti9  —That  pole  of  a 

pjTO-electric  substance,  like  tourmaline,  which 
acquires  a  negative  electrification  when  the 
temperature  of  the  crystal  is  rising*  and  a 
positive  electrification  when  it  is  falling.  (See 
Electric  it  Y ,  PyrtK ) 

Pole,  Aruiatiire  — ^(See  Armature, 

Pole.) 

Pole  Changer — A  switch  or  key  fcrrchan^ 
ing  or  reversing  the  direction  of  current  pro- 
duced by  any  electric  source,  such  as  a  bat- 
ter/ 

The  cammutAtor  of  a  Rukmkmfjf  coil  is  a  sim- 
ple form  of  pole  changer.  It  is,  boweTCr,  usu* 
al  I y  called  a  com m ut ato r .     ( See  C&il^  JmducH  i»f. ) 

Pf»le-Changingr  and  Intermptinsr  Elec- 
trode     Handle,— (See      Elect  rode^Handlc, 

Pok'Cltanging  and  Interrupting^ 

Pole-Cltangrinsr    Switch.— (See     Switch, 

PolC'C hang  ing,) 

Pole  Cllmbeni.— (See  Climbers,  Pole) 

Pole,  CV#ntf«4|iieiit — A  magnet  pole 

formed  by  two  free  north  or  two  free  south 
poles  placed  together.    (Sec  Mmgn4t^  Anam^ 

aloks,) 

Pole,  MftsriiHio,  AiMtral A  fiAifie 

formerly  employed  in  France  for  the  i*orth- 
seektng  pole  of  a  magnet. 

That  pole  of  a  magnet  which  points  ta  tiic 
earth's  geographical  north. 

It  will  be  obftet  ved  that  the  Freach  regarded  the 
magnetism,  of  the  earth's  Northern   Hcmi»nh 
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las  noith,  and  so  named  the  north^secking  pole  of 
I  the  needle  the  austral  or  south  pole. 

The  north-seeking  pole  of  the  magnet  is  sorae- 
t  called  the  boreal  or  north  pole.     (See  PeUy 
Wagn^tu^  BoreaL) 

Pale,  MagQetlc,  Boreal A  name 

"^  formerly  employed  in  France  for  the  south- 
seeking  pole  of   a  magnet,  as    disiinguUhed 
from  the  austral  or  north-seeking  pole. 
That   pole  of   a  magnet  which  points  to- 
L-waid  the  geographical  south. 

Iftheearth^s  magnetic  pole  in  the  Northern 
|Hemisphcrc  bcof  norih  magnetism^  then  the  pole 
a  needle  that  pottits  to  it  must  be  of  the  oppo- 
ftte  polarity,  or  of  south  magneiism.  In  this 
Dtry  we  call  the  end  which  points  tu  the  north. 
be  north-seeking  pole  or  marktfd  pole.  In 
France  the  end  which  points  to  the  north  was 
Drmerly  called  the  austral  pole.  Austral  lueans 
nth  pole.     (See  PoU\  Magiutu^  Austral,) 

Pole,  Magnetic,  False A  term  pro- 
posed by  Mascart  and  Joubert  to  designate 
I  the  place  or  places  on  the  earth  which  appar- 
|enily  act  as  magnetic  poles,  in  addition  to 
^e  two  true  magnetic  poles,  near  the  earth's 
Ideographical  poles. 

According  to  these  authorities,  the  earth  pos- 
\  two  magnetic  poles  only,  vi2.»  a  negative 
oJc  in  the  Northern  Hemisphere  and  a  positive 
dIc  rn  the  Southern   Hemisphere,     The  addi- 
llional  poles  are  called  by  them  the  false  magnetic 
poles. 

Pole*  Maipnetic,  Free A  pole  in  a 

piece  of  iron,  or  other  paramagnetic  sub- 
stance, which  acts  as  if  it  existed  as  one  mag- 
netic pole  only. 
.A  free  magnetic  pole  has  in  reality  no  physical 
ence.  The  conception,  however,  is  of  use  in 
ascribing  certain  magnetic  phenomena.  If  the 
bar  of  iron  be  so  long  as  to  practically  place  one 
pole  beyond  the  sensible  action  of  the  other,  dther 
pole  may  be  regarded  as  a  firec  pole, 

Pole,  H«giiet{c%  Marted That  pole 

of  a  magnetic  needle  which  points  approxi- 
mately to  the  earth's  geographical  north. 
(Obsolete,) 

The  north-seeking  pole  of  a  magnetic  needle. 

P^le,  Mftrnetle,  Nortli That  pole 

^of  a  magnetic  needle  which  points  approxi- 
matclv  to  the  eanh's  geographical  north. 


The    north-seeking    pole    of    a  magnetic 
needle. 
Pole,  Magnetic*  North-Seeklag — 

That  pole  of  a  magDctic  needle  which  points 
approximately  towards  the  earth's  geographi- 
cal north. 

Fi>le,  Ma«rnet1e,  Salieitt  — A  term 

sometimes  applied  to  the  single  poles  at  the  ex- 
tremities of  an  anomalous  magnet,  in  order  to 
dislin^ish  them  from  the  double  or  consequent 
pole  formed  by  the  juxtaposition  of  two  simi- 
lar magnetic  poles.  (See  Magfut^  A  noma- 
/ous. ) 

Pole,  Ma^^netle,  SoutH  — —  — That  pole 
of  a  magnetic  needle  which  points  approxi- 
mately towards  the  earth's  geographical  south. 

The  south-seeking  pole  of  a  magnetic 
needle. 

Poll*,  Mui^iieiie^  South-Peeking  — ^  — 

That  pole  of  a  magnetic  needle  which  points 
approximately  toward  I  he  geographical  south. 

Pule,  Negative That   pole  of  an 

electric  source  through  which  the  current  is 
assumed  lo  enter  or  tlow  back  into  the  source 
after  having  passed  through  the  circuit  ex- 
terna! to  the  source. 

Fi>le-Pleees  of  Dynamo- Electric  JUaehine, 
— <Scc    Pieces,  FoU,  of   Dynam^Electric 

Machine,) 

P(»le  PlatfaniL— (See  Platform,  Pole) 

Pole,    Pwiitlve ^That    pole    of   an 

electric  source  out  of  which  the  electric  cur- 
rent is  assumed  to  flow. 

Pole  Ste|i«.— Short  rods  or  bars  shaped  so 
as  to  be  readily  inserted  in  holes  near  the 
base  of  telegraph  or  electric  light  poles,  so  as 
to  scr\'e  as  steps  to  enable  a  lineman  to  reach 
the  permanently  placed  steps. 

Permanent  steps  are  placed  only  at  some  dis- 
tance from  the  ground,  in  order  to  prevent  the 
ready  climbing  of  the  poles  by  unauthorized 
per^ms. 

~  A  wooden  or  iron 


PolcTelegrapltic- 


upright  on  which  telegraphic  or  other  wires 
are  hung. 
Wooden  poles  are  generally  round. 


PoKJ 


iU 


[Pol. 


The  terminal poii^  or  the  last  pole  at  each  end 
of  the  line,  or  where  the  wires  bend  at  an  angle 
of  nearly  90  degrees,  \&  made  larger  than  usual 
and  is  often  cut  square. 

The  holes  Ibr  the  poles  must  be  dug  in  the  true 
line  of  the  wires,  and  not  at  an  angle  to  such  line. 
As  little  ground  should  be  disturbed  in  the  dig- 
ging as  possible.  Earth  bartrs^  or  modifications 
of  the  ordinary  ship  auger,  are  generally  em- 
ployed for  this  purpose.  When  the  pole  is  placed 
in  position  the  ground  should  be  rammed  or 
/i^MM^i/ around  the  pole. 

In  sfttin^  the  poU^  it  is  generally  buried  at  least 
5  feet  in  the  ground.  In  England  the  poles  arc 
planted  to  a  depth  of  about  one-tifth  of  their 
length.  In  embankments  and  loose  ground,  they 
arc  planted  deeper  than  in  more  solid  earth.  On 
curves,  the  poles  should  Vie  inclined  a  little  so  as 
to  lean  back  against  the  lateral  strain  of  tho  wire, 
since  by  the  time  the  ground  has  completely  set, 
the  strain  of  the  wire  will  have  pulled  them  into 
an  erect  position. 

Care  must  be  taken  i^  so  plant  the  poles  on 
that  side  of  a  road  or  railway  that  the  prevailing 
winds  will  blow  them  off  the  roadl>cd,  should  it 
overturn  them.  As  to  location,  the  top  of  steep 
cuttuigs  is  preferable  to  the  slope.  In  all  exposed 
positions,  it  is  preferable  to  strengthen  the  poles 
by  stays  attached  to  both  sides. 

Where  the  number  of  wires  is  unusually  large, 
heavy  timber,  or  in  case  of  its  absence,  double 


Fif[,  441*     TfUgrmpkie 

Bracteti, 


Fit:.  449'     TtUgra^kic 
Arws* 


poles  suitably  braced  together,  must  \>t  employed. 
In  long  lines  the  poles  should  all  be  numbered  in 
order  to  afford  ease  of  reference  in  case  of  repair. 

When»  even  with  the  best  pttmting^  and  other 
precautions^  the  pole  is  judged  to  be  unable  to 
resist  the  strain  on  it,  stays  and  struts  are  em- 
pk>yed,  A  stay  is  used  when  it  is  desired  to  re- 
move ihcpu//  OT  tensiiiyn  from  the  pole  ;  a  struts 
when  it  is  desired  to  remove  the  thrust  ot  pressure. 

The  arms  or  Jackets,  or  the  cross-pieces  that 


support  the  insu/at^s^  should  all  be  placed  on 
the  same  side  of  the  poles.  Some  common  formi 
of  brackets  are  shown  in  Fig.  44 1,  aod  of  tele- 
graphic  arms  in  Fig.  442, 

Saddii  brackets  should  be  placed  on  alternate 
sides  of  the  poles.  When  the  strain  on  an  insula* 
tor  is  too  great  on  account  of  the  wire  going  off 
at  a  sharp  angle,  a  shackle  is  used.  This  is  a 
special  form  of  insulator  which  confines  the  strain 
to  one  spot. 


Fif,  4  4  J,    DouU*  ShsckUt, 

A  form  of  dottble  shackle  is  shown  in  Fig« 
443.  The  wire  passes  around  the  recess  at  B, 
l)etween  the  two  insulators. 

On  curves,  or  in  any  situation  where  there  is  a 
probability,  in  case  of  the  breaking  of  an  insula* 


W 

Fig^  444,    llif^k  Guards 

tor,  of  a  wire  getting  into  a  dangerous 
guards  should  be  employed. 

Guards  are  of  two  kinds,  viz.:  ha&p  guards 
and  hifoh  guiirds.  A  form  of  koifk  guard  h 
shown  in  Fig.  444. 

When  wooden  poles  are  employed  fajioos  pre- 
servative methods  are  adopted  to  protect  the 
wood  from  decay,  which  is  very  apt  to  occur, 
especially  where  the  pole  enters  the  ground. 
Some  of  these  forms  arc  as  follows,  vix.  : 

(I.)  Charring  and  tarrtH^ihc  butt  end  <rf  tbc 
pole  where  it  enters  the  ground,  so  as  to  etpel 
the  sap  and  destroy  injurious  plant  or  aitimtl 
germs. 
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tid  is  then  cleansed  and  dipped 
Iture  of  Ur  and  slaked  Hme. 
Burmiiiingf  or  the  introduction  of 
i  of  line  into  the  pores  of  the  wood,  by 
the  poles  in  an  open  tank  filled  with  a 
I  of  this  salt. 

Vyanizm^^  or  the  similar  introduction  of 
<e  sublimate,  or  mercuric  chloride. 
^^uchtrizing,  or  the  injection  of  a  solution 
er  stdpbate  into  the  pores  of  the  wood. 
^rt^seiing^  or  the  application  of  creosote 
leaaoncd  poles, 

I  Telegraphies  Punuiiig:  of 

fug  or  packing  the  earth  around  the 
a  telegraph  pole  for  the  purpose  of 
ecurely  lixiiig  it  in  the  ground* 

I  Telegraphic,  Terminal The 

either  end  of  a  telegraphic  line. 

e  first  or  last  pole  in  a  telegraphic  line  is 
^rted  on  opposite  sides  bjr  the  line  wires, 
crally  made  stouter  than  the  intermediate 
bd  greater  care  is  taken  to  fix  it  securely 
hsund. 


»  Testing  < 


-A  term  sometimes 


cd  m  electro-therapeutics  for  the  in- 
kt  pole  or  electrode.     (See  Electrode, 

>  Trolley The  pole  which  sup- 
he  trolley  bearing  and  rests  on  the 
b  the  trolle>'  base  frame  in  an  over- 
5re  electric  railway  system. 

,  Unit,  Magnetic  — 


— A  magnetic 

such  a  strength  that  it  would  act  with 
^rdyne  of  force  on  another  unit  pole  at 
Bcc  of  one  centiuietre. 

%  ConHeqiieiit The  name  given 

(c  magnetic  poles  formed  by  two  free 
3  or  two  free  S.  poles  placed  together. 
tia^ii^A  Anomalous,) 

%  Idle Poles  or  electrodes  m 

W  tubes,  between  which  discharges  are 
Ing  place. 

die  poles  have  no  connection  with  the  in- 
coils  or  other  sources  from  which  the  dec* 
P^arges  are  obtained.  These  poles  arc  pro- 
^attaching  galvanometer  wires,  etc»,  in  the 
\  the  Edison  effect,  or  for  the  study  of  the 


electrical  condition  of  the  dark  apace  and  other 
regions  of  the  atmosphere  of  the  tube. 

Poles,  M  agnetfe The  two  points 

where  the  lines  of  magnetic  force  pass  from 
the  iron  into  the  air.  and  from  the  air  into 

the  iron. 

The  two  points  in  a  magnet  where  the 
magnetic  force  appears  to  be  concentrated. 

In  reality  the  magnetic  force  is  most  concen- 
trated  at  the  neutral  points  of  a  magnet,  through 
which  all  the  lines  of  force  pass. 

All  magnets  possess  at  lea^t  two  poles,  one 
positive  or  north, and  the  other  negative  or  south. 

The  lines  of  magnetic  force  are  assumed  to 
come  out  of  a  magnet  at  its  north  pole,  and  to 
enter  it  at  its  south  pole. 

Poles,  MognetlCt  of  Vertlclty (Sec 

Verticliy^  Polt's  of,  Afii^fie/u\) 

Poles  of  CondewMer.-^The  icnninals  of  a 
condenser,    (,See  Condenser,) 

Poles  of  Magnetic  Intensiltj.— (See  In* 

tensity,  Maj^^rtttic,  Pa/t'  of,) 

Pol  y  p  h  ase  C  ur  r  e  n  t. — ( See  Current^ 
Muiii'P/tast\) 

Poljphotal  Are  Light  Regiilaton*,— (See 
Regulator,  Poly  phot al  Arc-Light) 

Popgun,  Electro-Magnetic -A  mag- 

neltzing  coil,  provided  with  a  tubular  space 
for  the  insertion  of  a  core,  much  shorter  than 
the  length  of  the  coil,  %vhich.  when  the  ener- 
gizing current  is  passed  through  the  coil, 
is  thrown  violently  out  from  the  coil. 

The  movement  and  consequent  expulsion  of  the 
core  is  due  to  the  action  of  the  lines  of  magnetic 
force  which  complete  their  circuit  through  the 
core, 

Poreeliilu.— A  variety  of  insulating  ma- 
te riaL 

A  translucent  variety  of  earthenware. 
PoroiLH  Cell— (See  Cell,  Porous,) 
PoroiiH  CuiK— (Sec  Cup,  Porous,) 
Parous     Inswlatloa.— (Sec     Insulation, 
Porous.) 

Porous  Jan— (Sec /an  Porous) 
Porret's  Phcnonieiia,^(See  Phenomena^ 
Porret.) 


For.] 


416 


rPni. 


Portatire  Power.— (See  Fewer,  Paria-^ 
tive.) 

Portelectric— An  electric  carrier, 

A  system  of  electric  transportation  by 
means  of  the  successive  attractions  of  a  num* 
ber  of  hollow  helices  of  insulated  wire  on  a 
hollow  solenoidal  iron  car. 

The  solenoidal  car  forms  Ihe  movable  core  of  the 
helical  coils.  As  it  niove^  through  these  coils  tt 
automatically  closes  the  circuit  of  an  electric  cur- 
rent through  the  coils  in  advance  of  it  and  opens 
the  circuit  of  the  coils  in  its  rear.  In  this  way  the 
solenoidal  car  advances  In  a  line  coincident  with 
the  axis  of  the  helical  coiU,  being  virtually  sucked 
through  them  by  their  magnetic  attractions.  This 
system  of  electrio  propulsion  is  unique  in  systems 
of  electric  traction.  The  motor  becomes  a  mere 
mass  of  iron  or  other  par&maf^netic  material. 
The  system  is  suitable  for  the  carriage  of  mail  or 
other  comparatively  light  articles  at  a  high  speed. 

In  an  experimental  plant  at  Dorchester,  Mass., 
a  track  of  2,784  t'cet  in  length  was  laid  in  the  ap- 
proximate  form  of  an  oval.  The  track  was 
formed  by  an  upper  and  lower  rail  of  steel,  suit- 
ably  supported  by  stringers. 

The  car,  which  forms  the  movable  core  of  the 
solenoidal  coils,  was  of  wrought  iron,  and  was 
cylindrical  in  shape,  with  conical  ends*    It  was 


Fig.  4^S'    fvrteUctrk  Track* 

12  feet  in  length  and  to  inches  in  diameter  and 
weighed  about  500  pounds.  It  would  carry  about 
10,000  letters.  U  had  two  flanged  wheels  above 
and  two  below. 

The  solenoidal  coil*,  by  the  attractive  power  of 
which  the  core  was  moved*  embraced  the  track 
and  the  movable  core  or  carrier.  They  were 
fixed  along  the  track  at  intervals  of  6  feet  from 
centre  to  centre.  Each  coil  was  formeti  of  6jo 
txims  of  No.  14  copper  wire.  The  upper  track 
rail  is  divided  into  sections  which  form  conductors 
for  the  driving  current.     A  central  wheel  was 


placed  on  the  top  of  the  carrier  aod  connected  the 
several  helices  suoceastvel/  wiih   Uie    decfcik 


^=i^ 


3 


Fig,  446.   p0rUittiHt  Ckm» 

source  as  the  carrier  was  drawn  Corward.     A. 
speed  of  about  34  miles  an  hour  wms  reached* 

A  section  of  the  track  is  shown  in  Fig,  445,  ant! 
the  shape  and  general  structure  of  the  carrier  Uft 
Fig.  446. 

Portrait,     EleetHe A     portrait 

formed  on  paper  by  the  electric  volaliUxatfor 
of  gold  or  oiher  metal. 

An  electric  portrait  is  obtained  bf  eutttng  as 
a  thin  card  a  portrait  in  the  form  of  a  stendl.  A 
sheet  of  gold  leaf  is  then  placed  on  one  side  of  the 


Fig.  447*    BUcMc  Partfmi, 

paper  stencil,  and  a  shecit  of  paper  oa  tlie 
side  ;  sheets  of  tin-foil  are  then  placed  on  the  out* 
side,  as  shown  in  Fig.  447,  and  the  wiiole  Emily 
pressed  together.  Tf,  now,  a  disruptive  disdiari^ 
is  passed  through  from  one  sheet  of  dtt-toil  Id  th« 
other,  the  gold  leaf  is  votatiliied,  and  a 
^tain  is  left  on  the  paper  of  the  oittiinci 
stenciled  card,  thus  forming  an  electric 

FoaJtiofu  Enenar?  of A  term  uM 

for  stored  energ)%  or  potential  eneci^,    (See 
Entrgy^  PctenliaL^ 

Poiitira  Direction  of  a  Slmpl^-IUnMsii^  j 
Molioii«~(Se€  M&ii4>u^  Sim^U^^rwmme^\ 
PQsitwg  Diruii&n  0/,) 


{ 
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IrecttoQ  af  Lines  of  Miifiietlc 

-(Sec     Force,    Magnetic^  Lines  oJ\ 
r  Direction  of,) 

iTe  Pirection  of  the  EIeetHc«l  Con- 

ef  H»at.— (Sec  Direction,  Positive, 
Priced  Cimvection  of  Heat,) 
Ire    IHr€)ftioii   Round    a    Circuit. 
Direction,  Posit it^e.  Pound  a  Cir- 

|?e  Direction  Thn»n|:li  a  Ciirult 
Uirtetian^  Posiirye,  Through  a  Cir^ 

Ire    Elettricitj,— (Sec   Electricity^ 

Ive     EleetFode. — (Sec     Electrode, 
•■) 

k  Feeders,— (See    Feeders,    Posi- 
f^mnibQS  Bar**.— (Sec  Bars,  Posi* 
nitms.) 

Ive  Pham   of   Elertrotonnit.— (Sec 
^anus.  Positive  Phase  oj\) 
It©  Plat«i  of  Storaere  Battory.— (See 
^ositrve,  of  Storage  Battery.) 
Itc  Plate  of  Voltaic   Cell,— (See 
Positive,  of  Voltaic  Ceil.) 
ke  Pole.— (Sec  Pole,  Positrt^e) 
^f Otential.— (See  Potential,  Posi- 

^Bide  of  Circuit— (See  Circuit, 

'  Side  of:) 

If  el  J.— In  a  positive  manner* 

Iveljr  ExcUed.— Excited  or  charged 

sitive  electricity.     (See    Electricity, 

.) 

BliidlD^ —A  device  for  con- 

thc  terminal  of  an  electric  source 

terminal  of  an  electro*receptive  de- 
fer connccling  different  parts  of  an 
ipparatus  with  one  another, 
■ndocting  or  circuit  wire  is  cither  intro- 
\  the  opening  a,  or  c',  Fig,  448,  and 
by  tbe  terew  h,  or  b%  or  is  placed  in 
f  d,  d»  and  kept  in  place  by  means  of  a 

k  Sometimes  two  openings  arc 
and  c%  for  the  purpose  of  connect - 
iB^ether. 


A  derice  for  coupling  or  connecting  the  ends 
of  two  wires  to  each  other.  It  is  then  called  a 
coupler,     (See  Couple^  Voltaic,) 

Fii.  44S,    BindtHf^  Fajff. 

Pot,  PoroTLi The  porous  jar  or  cell 

of  a  voltaic  cell,     (See  Cell,  Porous.) 
Potential^  Alternaliii^ A  poten- 

tial,  the  sign  or  direction  of  which  is  alter- 
nately changing  from  positive  to  negative. 

An  attemating  potential  may  be  obtained  either 
in  the  case  of  an  electrostatic  field,  or  in  that 
of  a  majjnetic  field. 

Potential,  Alternating-  Electrostatic 

— The  potential  of  a  charge  that  is  under* 
going  rapid  alternations. 

Potent  iaU  Aiternatlngr,  M  aim e tic 

The    difference   uf  magnetic  poicnlial   pro- 
duced by  oltemattng  electric  currents. 

Potential,    Constant  ^A    potential 

which  remains  constant  under  ail  conditions. 

A  machine  or  other  electric  source  is  said  to 
have  a  constant  potential  when  it  is  capable, 
while  in  operation,  of  matntaining  a  constant 
difference  of  electric  pressure  between  its  two 
tcraiuials  on  changes  of  load.  (See  Circuii, 
Cfffutani-  Potential. ) 

Potential,  Bifferenee  of— —A  term 
employed  to  denote  that  portion  of  the 
electromotive  force  which  exists  between 
any  two  points  in  a  circuit. 

The  difference  of  potential  at  the  poles  of  any 
electric  source,  such  as  a  battery  or  dynamo,  is 
that  portion  of  the  total  electromotive  force 
which  IS  available,  and  Is  equal  to  tbe  total 
electromotive  force,  lets  what  is  lost  in  the 
source. 

Some  difference  of  opinion  exists  as  to  the  enact 
meaning  that  is  attached  to  the  phrase  difficrcnce 
oif  potential. 

A  positively  electrified  body  Is  said  to  hare  a 
higher  electric  potential  than  the  earth*  whose 
potential  is  taken  as  tero. 
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Pati^ntlal,  Difference  ot*  Metbi>ds  of 
MeaHiirln^ Met  hods  employed  for  de- 
termining differences  of  potential 

These  methods  arc  as  follows: 

(I.)  By  thi  Method  of  Weigking,  that  is,  by 
obtainLng  the  weight  required  to  overcome  the 
attraction  between  two  oppositely  charged  plates, 
or  oppositely  energiicd  coils;  or  by  zneasuring 
the  repulsion  between  similarly  charged  surfaces, 
or  similarly  energized  coils. 

(2.)  By  the  Use  of  Electrometers^  or  appajratus 
designed  for  measuring  differences  of  potential. 
(See  Electrometers. ) 

(3.)  By  the  Use  of  Gahanometers, 

Differences  of  potential,  m  the  case  of  currents, 
may  be  determined  from  the  quantity  of  electri- 
city which  flows  per  second  through  a  given 
circuit,  that  K  hy  the  number  of  ampftres,  just 
as  the  pressure  of  water  at  any  point  in  the  side 
of  a  containing  vessel  can  be  determined  by  Ihe 
quantity  of  water  that  flows  per  second.  Differ- 
cnce  of  potential  in  the  case  of  currents,  there- 
fore, may  be  measured  by  any  galvanometer 
which  measures  the  current  directly  in  amperes, 
provided  the  resistance  of  the  circuit  is  known. 

PotentiaU  Drop  of  ^ A  term  some- 
times used  instead  of  fall  of  potential  (See 
PoUnliah  Fall  of:) 

Potential,  Eleetrlc  — —  —The  power  of 

doing  electric  work.  * 

Electric  level. 

Electric  potential  can  be  best  understood  by 
:om  pari  son  with  the  case  of  a  liquid  such  as 
water* 

The  ability  of  a  water  supply  or  source  to  do 
work  depends: 

(r)  On  the  quantity  of  water. 

(2,)  On  the  level  of  the  water,  as  compared  with 
some  other  level;  or,  in  other  words,  on  the  Mf* 
ference  bettoeen  the  tico l^els. 

In  J  like  manner  the  ability  of  clectridly  to  do 
work  depends: 

(I.  I  On  the  quantity  of  eleclridty. 

(2, )  On  the  electric  potential  at  the  place  where 
the  electricity  is  produced,  as  compared  with  that 
at  some  other  place;  or,  in  other  words,  on  the 
difference  of  potential. 

In  the  case  of  water  flowing  through  a  pipe, 
when  its  60W  has  been  fully  established,  the  quan- 
tity which  passes  in  a  given  time  is  the  same  ftt 
•By  croia-sectioQ  of  the  pipe. 


In  the  case  of  electricity,  the  quantity  of  dec- 

tridty  flowing  through  any  conductor,  or  p&rt  of 
a  drcuit,  is  the  same  at  any  cross  section.  A  gaU 
vanometer  introduced  into  a  break  in  any  part  o( 
the  conductor  would  show  the  same  strength  of 
current. 

But,  though  the  quantity  of  water  which  p«S9a 
is  the  same  at  any  cro«-«cction  of  a  pipe,  the 
pressure  per  square  inch  \%  not  the  same,  eveil  in 
the  case  of  a  hortzontal  pipe  of  the  same  diatneier 
throughout,  but  l>ecomes  less,  or  suiters  a  Uss  of 
head^  or  difference  of  pressure^  at  any  two  points 
along  the  pipe.  Th  i^.  difference  of  pressure  causes 
the  flow  of  water  between  these  two  points  against 
the  resistance  of  the  pipe. 

So,  too,  in  the  case  of  a  conductor  carrying  an 
electric  current,  when  the  full  current  strength 
has  been  established,  the  quantity  of  clcctridty 
that  passes  is    the  same    at   all  cross-sections. 
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Fig.  449*    Hydramiic  Cratditmi. 
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The  electric  pressure  or  potential,  however, 
is  by  no  means  the  same  at  all  points  in  the 
conductor,  but  suffers  a  loss  of  electric  head  or 
level,  in  the  direction  in  which  the  electridty  is 
flowing.  It  IS  this  electric  head  or  level,  or  dif- 
ference of  electric  potential,  that  causes  the  dec- 
trtcity  to  flow  against  the  resistance  of  the  con- 
ductor. 

These  analogies  can  be  Itest  shown  by  the  fol^ 
lowing  illustration: 

111  Fig.  449,  a  reservoir,  or  source  of  water,  at 
C,  communicates  with  the  horixontal  pipe  A  D, 
furnished  with  open  vertical  tubes  at  a,  b,  c,  d,  c, 
f,  g,  and  B.  If  the  outlet  at  B,  is  closed,  the  level 
of  the  water  in  the  communicating  vessels  is  the 
same  as  at  the  source;  but  if  the  liquid  escape 
freely  from  B,  the  level  of  the  water  m  the  branch 
pipes  will  be  found  on  the  inclined  dotted  tine,  or 
at  a',  b',  c*,  d',  e\  f,  g',  which  may  be  tailed 
the  hydraulic  gradient. 

The  pressure  per  square  inch,  at  any  eras  sec 
tion  of  the  horizontal  pipe,  which  ii  measured  by 
the  height  of  the  liquid  in  the  vertical  pipe  at  that 
point,  decreases  in  the  direction  rn  which  tk4  ttfmsd 
is  Jiowing,    The  force   that    urges    the    Uqoid 
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hrough  the  ptp€  between  any  two  points,  may 
be  called  the  liqHid*m<ftive fnfrcf  {FUming)  and  is 

t measured  by  the  difftrmif  of  pressure  between 
liie$e  points. 
I  In  Fig.  450,  the  dynamo-electric  machine  at  D, 
B^  its  negative  pole  grounded,  and  its  positive 
pole  connected  to  a  long  lead,  A  B,  the  positive 
pole  of  which  is  also  grounded.  A  fall  cf  paten- 
tiaJ^  represented  by  the  inclined  dotted  Une, 
occurs  between  A  and  B,  in  the  direction  in  which 
the  elettrinty  is  jimmng. 
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iThe  dynamo-electric  machine  may  be  regarded 
a  pump  that  is  raising  the  electricity  from  a 
lower  to  a  higher  level,  and  passing  it  through 
the  lead  A  B.  The  electric /r^^jjirr^  or  potential 
producing  the  flow  is  greatest  near  the  dynamo  and 
least  at  the  further  end,  the  dilTerences  at  the 
points  a,  b,  c,  d,  e,  f,  and  g,  being  represented  by 
^Htiic  vertical  lines  a  a',  bbV,  c  c\  d  d',  c  e',  f  f,  and 

The  electricity  flowi  between  any  two  points  as 

a  and  b,  in  the  conductor  A  B,  in  virtue  of  the 

difference  of  electric  pressure  or  potential   be- 

tween  these  two  parts,  or  the  difiference  between 

a  a'  and  b  b'. 

^^     Differences  of  potential  must  be  distinguished 

^H^otn  differences  in  electric  charge,  or  elect r^staiic 

^^^ensity.     If  two  conductors  at  different  potentials 

arc  connected  by  a  conductor,  a  current  will  flow 

I       tlirough  this  conductor.     When  their  potential  is 

liie  fame,  no  current  Jlmos,    The  density  of  a 

charge  19  the  quantity  of  electricity  per  unit  of 

area. 

The  electric  potential  is  the  same  at  all  points 
of  an  insulated  charged  conductor;  the  density  \% 
different  at  different  points*  except  in  the  case  of 
a  sphere.  The  potential ^  however,  is  the  same, 
since  no  current  flows,  or  the  charge  docs  not  re- 
distribute itself.  The  density  on  an  insulated, 
ifoUted  sphere,  is  uniform  over  all  parts  of  the 
ftirface,  and  its  potential  is  the  same  at  all  points. 
If  now  the  sphere  be  approached  to  another  body, 
its  density  will  vary  at  different  parts  of  its  sur- 


face,  and  while  the  charge  ii  redistributing  itself 
so  as  to  produce  these  differences  m  density  the 
potential  will  vary.  As  soon,  however,  as  this 
redistribution  is  effected  and  no  further  current 
odsls,  the  potential  is  the  same  over  all  points, 
though  the  density  dilTeri  at  different  points. 

An  electric  source  not  only  produces  but  also 
maintains  a  difference  of  potential.  In  the  case 
of  the  flow  of  liquid  in  a  pipe,  if  a  continuous 
current  of  the  liquid  be  maintained  from  the 
higher  level  in  the  reservoir  to  a  lower  level^  as, 
for  example,  by  means  of  a  pump,  it  must  flow 
through  the  pump  to  the  reservoir,  from  the  lower 
level  towards  the  higher  level.  In  case  of  an 
electric  source,  since  the  thing  called  electricity 
flows  through  a  closed  circuit,  if  its  direction  of 
flow  in  that  part  of  the  circuit  external  to  the 
source — i.  r.,  in  the  external  or  useful  current — 
l>e  from  a  higher  to  a  lower  level,  then  its  flow 
through  the  remainder  of  the  circuit — t,  e,^ 
through  the  source — must  be  from  the  lower  to  the 
higher  level.  Since,  however,  the  electrical  po- 
tential of  a  Ijody  represents  the  work  the  elec- 
tricity is  capable  of  doing,  the  work  done  by  the 
electricity  may  be  regarded  as  being  that  don.c 
when  it  passes  from  the  higher  to  the  lower  level. 

Potentlftl,      Eleetrosintle     ^^^    —The 
'  power  of   doing  work    possessed  by  a  unit 
quantity  of  positive  electricity  charged  or  re- 
siding on  an  insulated  body. 

Potential,    EleftroHtnttc,    Dlfferenee  of 

Difference  of  potential  of  an  electric 

charge,  (See  Potential,  Difference  of. 
Electrostatics, ) 

Potential  Energy. ^ — (See  Energy,  Paten* 
tial) 

Potential,  Fall  of A   decrease  of 

potential  in  the  direction  in  which  an  elec- 
tric current  *s  flowing,  proportional  to  the  re- 
sistance when  the  current  is  constant.  (Sec 
Potential,  Electric 4 

Potential  GalTftnometer.— (See  Galva- 
nometer.  Potential,) 

Potential     Indicator.— (See     Indicator, 

PotentiaL) 

Potential,  Mafuetlc The  amount 

of  work  required  to  bring  up  a  unit  north- 
seeking  magnetic  pole  from  an  infinite  dis- 
tance to  a  given  point  in  a  magnetic  field. 
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Pi>t44iiUul    «f    Coiicliictoi%    Metliodfi    of 

Tarjlni^ —(Sec  Conducior,  PaiefUial 

of,  Afethods  of  Wtrying.) 

Putenttal  of  Conductorsi. — (Sec  Conduce 
r,  Paiiniiai  of.) 

Pot<^nHal,  Ne«r«llre That  poleniial 

in  tiie  circuit  external  to  the  source  towards 
which  the  electric  current  flows. 

Generally  the  lower  potential,  or  lower 
level 

Put^nliiil,  Positive That  potential 

in  the  circuit  external  to  the  source^  from 
which  the  electric  current  flows. 

The  higher  potential  or  higher  level. 

Pott'titlal,  r  111  To  nil  — —  --A  potential 
that  does  not  var)'. 

A  constant  potential  (See  Potent talt  Con- 
stanQ 

An  electric  source  is  said  to  generate  a  umform 
potential  when  it  ina^mtains  a  con&lant  difTerence 
of  potential  at  it^  terminals. 

PotinitliU,   Unit  DiffereDce  of  — 

Such  a  difference  of  potential  between  two 
points  that  requires  the  expenditure  o(  one 
erg  of  work  to  bring  a  unit  of  positive  elec- 
tricity from  one  of  these  points  to  the  other, 
against  the  electnc  force.     (See  £rg^,) 

The  practical  unit  of  difierence  of  potential  is 
the  volt     (See  roU,) 

Potential,  Zero -An  arbitrary  level 

from  which  electric  potentials  are  measured. 

As  we  measure  the  heights  of  mountains  Uom 
the  arbitrary  mean  level  of  the  sea,  so  we  measure 
electric  levels  from  the  arbitrary  level  of  the  po- 
tential of  the  earth. 

Potent loiiieter, — An  apparatus  for  the 
galvanometric  measurement  of  electromotive 
forces,  or  differences  of  potential  by  a  2cro 
method.     (See  Method,  Null  or  Zero.) 

In  the  potentiometer  the  difference  of  potential 
to  be  measured  is  balanced  or  opposed  by  a 
known  difference  of  potential,  and  the  equality 
of  the  balance  is  determined  by  the  failure  uf  one 
or  more  jjalvano meters,  placed  in  shunt  circuits, 
to  show  any  movement  of  their  needles. 

The  prindple  of  operation  of  the  potentiometer 
will  l>e  understooti  from  an  inspection  of  Fig.  451. 
A  secondary   battery   S,  haa  its  tenninals  con- 


nected to  the  ends  of  a  uniform  wire  A  B,  of  hi^li 
resistance  called  the  f^taUi^mettr  wirt.  There 
will,  therefore,  occur  a  nrgular  drop  or  fall  of  po- 
tential alon;^  this  wire,  wliirh^  since  the  wire  ls 
unifomi}  wdl  be  equ^l  per  imit  of  IcDglb.  Thi* 
drop  of  potential  can  be  shown  by  coanectuig  the 
terminals  of  a  delicate  galvanometer,  geiHa  ally  of 
high  resistance,  to  difTereot  parts  of  the  wire, 
when  the  deflection  of  the  needle  wtU  be  pcopar« 
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tional  to  the  drop  of  potential  between  the  two 
points  of  tiie  wi  re  tone  hed .  1  f,  now,  t  he  terminals 
of  a  stmuiard  c^il  be  inserted  in  the  circuit  ot 
the  galvanometer,  s>  as  to  oppose  tlie  current 
taken  from  the  potentiometer  wire,  and  the  con- 
tacts of  the  potentiometer  wire  be  slid  along  the 
wire  until  no  deflection  of  the  galvanometer  needle 
is  produced,  the  drop  of  potential  between  these 
two  points  on  the  wire  will  be  equal  to  the  difr<r- 
ence  of  potential  of  the  standard  cell  (See  dU^ 
Vctiaic,  Standard,) 

Suppose,  now,  it  be  desired  to  measure  the  dEf> 
ference  of  potential  between  two  points  a  and  b, 
on  the  wire  C,  through  which  a  current  ii  How- 
ing.  Connect  the  points  b  and  d,  and  a  and  c» 
as  shown,  with  the  delicate  high  nesist&nce  ^> 
vano meter  G,  in  cither  of  ihem.  Now  stide  C» 
towards  d,  until  the  needle  of  G,  shows  no  deflec- 
tion. The  potential  between  a  and  b,  is  thm 
equal  to  lb  at  between  c  and  d. 

Potentiometer  WIm— (Sec  Wirt,  Pa- 
tent tomcitr,) 

Power — Rale  of  doing  work. 

Mechanical  power  \h  generally  measured  in 
horse  power,  which  is  equal  to  work  done  attke 
rate  of  550  foot- pounds  per  second. 

The  C.  G.  S.  unit  of  power  is  <3iae  erf  per 
second. 

The  practical  unit  of  power  ti  tbe  wvd;  or 
10,000,000  ergs  per  second*  Ttie  kilofratt  is 
even  more  frequently  used  «s  the  uiUt  of  power 
than  the  watt,    (Sec  Pmver^  L'mit  0/,) 

Power,  Ab80rpUf« ^The 
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possessed  by  many  solid  bodies  of  taking'  in 
^  and  condensing  gases  within  their  pores. 

Carbon  possesses  marked  abeorpttve  powers. 
FThc  absorption  of  gases  in  this  manner  by  solid 
r  bodies  is  kao urn  technically  as  the  oitlusian  of 
giisfs.     (See  Gaif  Occlttsion  of.) 

One  VQtmne  of  charcoal^  at  ordinary  lempcra- 
titres  and  pr«ssuTt«,  absorbs  of 

Anmusiiia 90    volumes 

Hydrocl»kirica43d...«....  .S5  '' 

Sulphur  dioxide .65  " 

Hydrogen  tulphide 55  *» 

^Nitrogen  monoxide 40  " 

rbofuc  acid  gas 35  ** 

Ethylene ,, 35  ** 

Carbon  monoxide* ....... .  9.42  ** 

Oxygen , , , 9,25  ** 

Nitrogen , 6.50  ** 

Hydrogen , 1.25  ** 

Pawer,   Candle —An     intensity    of 

light  entitled  from  a  luminous  b«Kly  equal  to 
the  light  produced  by  a  standard  candle. 
I  (See  Candle,  Standard,) 

The  light-giving  power  of  one  standard 
candle. 

Power,  Candle,  Nominal A  term 

Bomctimes  applied  to  the  candle-power  taken 
m  a  certain  favorable  direction. 

Tills  term  is  generally  used  in  arc  lighting. 
In  the  ordinary  arc  lamp  the  greatest  amouul  of 
light  is  emittcti  at  a  particular  point,  viz.,  from 
the  cralrr  in  the  upper  or  positive  carbon.  (See 
Ar(,  V&Itm^,) 

Power,     Candh'«     Rated A   term 

sometimes  used  lor  nominal  candle-power. 

Pawer«   C«iidU%    8i»tierlcal  —The 

average  or  mean  value  of  candle  power 
taken  at  ^number  of  points  around  the  source 
Olligbt. 

Power,  CondnetluGT The  ability  of 

a  given  length  and  area  of  cross-section  of  a 

L  substance  for    conducting   light,  heat,  elec- 

"tricity  or  magnetism,   as  compared  with  an 

equal  length   and  area    of   cross-section   of 

J  some  other  substance  taken  as  a  standard. 

Power.  Conduetlitf ,  for  Electricity 

—The  ability  of  a  given  length  and  area  of 


cross-section  of  a  substance  to  conduct  elec- 
tricity, as  compared  wuh  an  equal  length  and 
area  of  cross-section  of  sonu  other  substance, 
such  as  pyre  silver  or  copper. 

No  substance  is  known  that  docs  not  offer  some 
resistance  to  the  passage  of  an  electric  current. 

The  following  table  is  taken  £rom  Sylvaaus  P. 
Thompson's  ^'  Elementary  Lessons  in  Electricity 
and  Magnetism**: 

Good  Conductors, 


Silver, 
Copper, 


Other  metals* 
Charcoal. 


pAkTtAL  Conductors. 


Water, 

The  human  boiy, 

Cotton, 


Wood, 
Marble, 
Paper. 


NON-COMDUCTORS. 


Oils, 

Porcelain, 
Dry  wood. 
Silk, 
Resins, 


Gutta-percha, 
Shellic, 
Ebonite, 
Paraffin  e, 
Glass, 


Dry  air. 


Heat  decreases  the  conducting  power  of  ele- 
mentary substances.  This  decrease  in  the  con- 
ducting power  IS  appro ju ma tely  proportional  to 
the  increase  of  temperature.  Carbm  is  an  ex 
ceplion  to  the  law,  being  a  better  conductor  at  a 
red  or  white  heat  thin  when  cold. 

The  resistance  of  some  alloys,  such  as  German 
silver  and  platinoid,  is  but  little  affected  by  mod- 
erate changes  of  temperature.  These  alloys  are, 
therefore,  employed  in  the  construction  of  resist- 
ance coils. 

At  a  red  heat  insulators  become  fairly  good 
conductors  of  electricity. 

At  very  low  temperatures  the  conducting 
powers  of  the  metals  increase. 

Wroblewski  has  shown  that  at  extremely  low 
temperatures  copper  increases  in  its  conducting 
power  for  electricity.  He  cooled  copper  to  —  200 
degrees  C,  the  temperature  of  the  solidification 
of  nitrogen,  ajid  found  that  at  this  temperature 
its  conducting  power  increased  to  al>out  nine  timet 
its  conducting  power  at  O  degrees  C, 

It  may  be  remarked  here  that  at  exceedingly 
low  temperatures  a  metal  would  take  in  or  absorb 
heat  from  the  surrounding  medium  with  very 
great  rapidity.    In  this  sense  it  might  be  said  that 
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its  condticting  power  for  heal  was  greatlf  in- 

Kohlrausch  estimates  the  conducting  power  of 
dittillcd  water  at  ^000000000025,  that  of  mer- 
cury \wlng  taken  us  unity. 

The  best  conductors  of  electricity  are  the  best 
conductors  of  heat. 

This  fact  h  well  jlltistrated  by  the  following 
table  from  Ayrton : 

RsLATivs  Conductivities  per  Cub^c  Umit. 

Nfttaa  of  M«t*L  Electddty.  Hcai. 

Silver,  annealed too  100 

Copper,       •♦        941  74.* 

Gold,  *•        73  54.8 

Platinum 16.6  94 

Iron * 15.5  lo.i 

Tin 11.4  15.4 

Lead 7.6  7,9 

Bismuth..,, 1. 1  1,8 

The  electric  conductivity  of  porous  conductors 
decreases  much  more  rapidly  than  the  heat  con- 
ductivity. 

Practically  perfect  insulators  for  electricity  can 
be  obtained,  but  are  unknown  for  heat. 

Edlund  believes  the  universal  ether  to  be  al- 
most a  perfect  conductor.  He  bases  this  bcHcf 
on  the  phenomena  of  sun  spots,  the  occurrence  of 
which  is  almost  immediately  followed  by  the 
occurrence  of  magnetic  disturbances  on  the 
earth. 

Lodge  regards  the  luminiferous  ether  as  being 
almost  a  perfect  non-conductor,  because  he  thinks 
that  conductors  must  be  opaque.  It  may  be  sug- 
gested in  this  connection  that  Edlund's  hypothesis 
astotheconductibility  of  magnetic  cflTccts  through 
the  elher  is  also  capable  of  an  explanaUon  by  the 
effects  of  magnetic  induction. 

The  conducting  power  for  alternating  currents 
is  not  the  same  as  for  steady  currents.  When 
the  alternations  become  very  high,  the  flifference 
between  these  conducting  powers  of  the  metals 
becomes  almost  inappreciable. 

Iron  is  an  enormously  worse  conductor  of 
electricity  than  copper  for  rapidly  ahemattng 
currents,  at  least  when  the  alternationa  are  not 
too  great.  When,  however*  the  alternations  are 
extremely  high,  such  as  those  which  are  produced 
by  the  discharge  of  a  Ley  den  jar  or  lightning 
flash,  the  iron  is  as  good  a  conductor  as  the  cop- 
per. The  reason  for  this  is  evident.  The  dis- 
charge in  such  cases  keeps  to  the  extreme  oyter 


layer  of  the  conductor,  ao  thAt  the  i 
the  substance  is  practically  of  no  cflecL 

Hughej  has  shown  that  the  reststance  of  aa  itoe 
telephone  line  of  the  usual  diameter,  to  ptnodic 
currents  of  about  100  per  sccotuL,  U  somewbit 
more  than  three  times  its  resistance  for  ttadf 
currents. 

There  is  no  such  thing  as  condiictioa  ef  tkc^ 
tricity  in  gases.  Electricity  makes  its  way  fhm^ 
a  gas  by  a  st.dden  piercing  of  the  dielectric,  «r,  a 
other  words,  by  a  disruptive  dtacharge,  (S? 
Discharge^  Disruptive,)  In  such  a  disn^w 
discharge  it  may  be  assumed  that  the  gas  be- 
comes  a  conductor  of  electricity  while  die  div 
charge  is  passing.  It  would  then  partake  of  the 
nature  of  an  electrolytic  conductor,  since  the  da- 
charge  takes  place  by  means  of  a  true  lococaotion 
of  atoms,     ^^f^  C^mbutUm^  Elect rofyiU,) 

Power,  CondtietVagr.  far  Heat ^The 

ability  of  a  substance  to  tratismit  beat  through 
its  mass. 

The  metals  are  good  conductors  of  heat  Tbrf 
arc  also  good  conductors  of  electricity.  The 
conducting  powers  for  heat  and  electricity  irc 
nearly  identical.  As  the  temperature  of  a  b^j 
increases,  its  conducting  power  for  heat  u  de* 
creased.  Carbon  forms  an  exception  to  Uii& 
statement. 

The  JttfW  0/  heat  acrost  a  waff  farmed  ft  m 
hcm^gene^us  materiai^  the  exposed  faces  of  whid 
are  of  equal  extent  and  are  maint^ned  at  &  con. 
stant  difference  of  temperature,  takes  place  la 
accordance  with  the  following  laws: 

(1.)  The  rate  of  6ow  across  all  perpendicuiif 
sections  is  the  same. 

(2.)  A  uniform  drop  of  temperature  ocean 
from  one  side  of  the  wall  to  the  other  in  Uie  dine* 
tion  in  which  the  flow  is  taking  place, 

{3.)  The  rate  of  flow  is  proportional  to  the  dif- 
ference in  temperature. 

The  similarity  between  the  laws  of  the  floir  of 
heat  under  the  circumstances  just  named  and  tbt 
flow  of  electricity  through  a  conductor  ts  eridmt; 
the  electrical  current  being  the  same  in  all  parts 
of  the  circuit,  a  drop  of  potential  occmring  a 
the  direction  in  which  the  current  is  raoring, 
and  the  flow  being  proportioaal  to  the  diflotace 
of  potential. 

Power,    CondDctln^,  Tabtfs  nf — -^ 

Tables    in    which    the    relative   conductiJig 
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powers  of  different  substances  arc  given.  (See 
Rtsistance,  Tables  &/,) 

Pawer,  Electric Fewer  developed 

by  means  of  electricity. 

Power,  Eleetrlc,  Distribution  of 


^  The  distribution  of  electric  power  by  means 
of  any  suitable  system  of  generators,  connect- 
ing circuits  and  electric  motors. 

Power*  Electric  TransmissioE  of 

The  transmission  of  mechanical  energy  by 
converting  it  into  electric  energy  at  one  point 
or  end  of  a  line,  and  reconverting  it  into 
mechanical  energy  at  some  other  point  on  the 
line.     (See  Energy,  Electric,  Transmission 

Power,  Horse A  rate  ot  doing  work 

equal  to  550  foot-pounds  per  second^  or  33,- 
000  foot-pounds  per  miniite. 

^l  liofie<powcr^745«94  X  *o^  ergs  per  second, 
(See  Erg,) 
«•               =745.941  watts,      (See  IVait,) 
"               =42.746  lb.    Fahj-.    heat    units 
L                               per     min.      (See     Umis, 
f                                Heai.) 
•*               =^3.748  Ibv  Cent,  lieat  units  per 
min.     (See  Cttiis,  I/tai*) 
Power,   Horse,  Electric Such  a 

rate  of  doing  electric  work  as  is  equal  to 
746  watts  or  746  volt-coulombs  per  second. 
^m       This  rate  is  equivalent  to  33,ocxj  foot-pounds 
^"     per  minute,  or  550  foot  pounds  per  second. 

Just  Its  ]  pound  of  water  raised  through  the 
vertical  distance  of  1  foot  requires  the  expendi- 
ture of  a  foot-pound  of  energy^  so  t  coulomb  of 
electricity  acting  through  the  difTerence  of  poten- 
tial  of  I  voH  requires  a  certain  amount  of  work 
to  be  done  on  it.  (See  C&uhmh.  Volt,  Po- 
tential, Elf c  trie.) 

This  amount  is  caOcd  a  volt-coulomb  or  joule, 
and  measured  in  foot  pounds  is  equal  to  .737324 
foot-pounds.  The  volt  coulomb,  or  joule,  isthere- 
fore  the  unit  of  electric  work,  just  as  the  foot- 
pound is  the  unit  of  mechanical  work. 

The  electric  work  of  any  circuit  in  joules  is 
equal  to  the  product  of  the  volts  by  the  coulombs. 
If  we  determine  the  rate  per  second  at  which 
the  coulombs  pass,  and  multiply  this  product  by 
the  Tolts,  we  have  a  quantity  which  represents  the 
ckctrical  power,  or  rate  of  doing  electrical  work. 


But  I  amp&re  is  equal  to  i  coulomb  per  second; 
therefore,  if  we  multiply  the  current  in  am- 
peres by  the  difference  of  potential  in  volts,  the 
product  is  equal  to  the  electrical  power  or  rate  of 
doing  electrical  work. 

The  product  of  an  ampere  by  a  rolt  is  called 
a  volt-amp^e,  or  a  watt. 

One  watt  =  ,0013406  horse -power,  or 

On»  horse-power  =  745.941  watts. 

C  E 

Therefore  the  electrical  horse-powers  — z' 

746 

where  C  =^  the  current  in  ampdres  and  E  =  the 

difference  of  potential  in  volts. 

Power,    Multiplying,    of  Shunt 

{See  Shuni^  MuUiplying  Pmver  &/,) 

Power  of  Periodic  Corrent— (Sec  Cur- 
rent, Periodic,  Power  of.) 

Powen  Portative  —The  carrying 

power  of  a  magnet,  (See  Magntt^  Porta-- 
live  Power  o/.) 

Power,  Project! nff»  of  Magnet —The 

power  a  magnet  possesses  of  throwing  or  pro- 
jecting its  lines  of  magnetic  force  across  an 
intervening  air  space  or  gap. 

The  greater  the  air  space  the  greater  the  mag. 
netic  reluctance,  and  consequently  the  greater  the 
magnetizing  force  required  to  overcome  it.  Mag- 
nets of  great  projecting  power  are  generally  of 
great  length,  to  accommodate  the  long  coils  of 
wire  required. 

Power,  ResascltntlDg,  of  Secondary  Bat- 
tery Cell The  power  possessed  by  an 

apparently  completely  discharged  secondary 
or  storage  cell  of  furnishing  additional  current 
after  a  protracted  rest. 

This  resuscitating  power  is  probably  due  to 
dcpolarizition.  It  is  therefore  present  in  primary 
as  well  as  in  secondary  batteries. 

Power,    Stray That  part    of    the 

power  employed  in  driving  a  dynamo,  which 
is  lost  through  friction,  air  churning  or  air 
currents,  eddy  currents,  hysteresis,  etc. 

Power,  Thermo-Electrlc —A  num- 
ber which,  when  multiplied  by  the  difTerence 
of  temperature  of  a  thermo-electric  couple, 
will  give  the  difference  of  potential  thereby 
generated  in  micro^volts,  (See  Diagram, 
Thermo-Electric,) 
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-Various  units  em- 


ployed in  the  measurement  of  power. 

The  following  table  of  units  of  power  is  taken 
fiom  Hering's  work  on  dynamo-electric  machines. 

Unit  of  Power, 

I  erg  per  second. .  =  .ooooooi  watt. 

1  watt,  or  I   volt- 

ampdre,     or     i 

joule  per  second, 

or  I  volt-coulomb 

per  second =  looooooo  ergs  per  second. 

u  =44.2394    foot-pounds   per 

min. 
««  =  6. 1 1622    kilogram  -  metres 

per  min. 
««  -=x)57ao481b.-Fah.,  heat  unit 

per  min. 
•«  =  .318360  lb.-Cent.,  heatunit 

per  min. 
M  =  .0144402  klgr.-Cent.  heat 

unit  per  min. 
c«  =  .0013592     metric    horse- 

power. 
u  r=  .0013406  horse-power. 

I  ioot-pound    per 

sin =  226043  ergs  per  second. 

it  s=  .0226043  watt. 

t<  =  .13825  kilogram-metre  per 

min. 
(«  s=  .00003072    metric    horse- 

power. 
«•  =  .000030303  horse-power. 

S  kflogram  -  metre 

per  min =  1635000  ergs  per  second. 

<(  =  .163500  watt. 

M  s=  7.23314    foot-pounds   per 

min. 
(t  s=  .0002222     metric     horse- 

power, 
(c  s  .0002192  horse-power. 

I  metric  horse 
power,  or  1 
French  horse 
power,  or  i  che 
val-vapeur,  or 
force  de  cheval, 

or  I  Pferdekraft.  =  735-75  X    xo»    ergs    per 
second. 
«•  =  735.750  watts. 

*«  =  32549.0    foot-pounds    per 

min. 
««  £=4500  kilogram-metres  per 

min. 


I  metric  h.-p.,  etc  =  42.162  n>.-Fah.,  heat  aniti 
per  min. 
((  =  23.423  lb.  -Ce&t.»  heat  units 

per  min. 
it  ==  10.625     klg.-Cent.,    heat 

units  per  min. 
i«  s=s  .98634    horse-power  heat 

units  per  min. 
I  hor»e.power....=  745-94   X    io»    ergs  per 
second. 

i(         s=  745.941  watts. 

••  . . . .  =  33000  foot-pounds  per  min. 

t<         =  4562.33    kilogram  -  metres 

per  min. 

c(         -=  42.746  lb. -Fah.,  heat  units 

per  min. 

<(         =  23.748  lb.-Cent,  heat  units 

per  min. 

<c         =  10.772     klg.  -  Cent,   heat 

units  per  min. 

cc         =  1.01385      metric      horse> 

power. 
I    lb. -Fah.,    heat 
unit  per  min....  =  17-45  X  10'  ergs  per  sec 
••  =  17.4505  ^^^• 

•4  -=  .23718  metric  horse-power, 

t*  =  .023394  horse-power. 

I  lb.  Cent.,    heat 
unit  per  min. . . .  =  31-41  X  W  ergs  per  sec. 
«     X  =  31.4109  watts. 

«»  :=  .04269  metric  horse-power. 

((  =  .042109  horse-power. 

X  klgr.-Ccnt.,  heat 
unit  per  min....  =69.25  X  io»  ergs  per  tec 
it  s=s  69.249  watts, 

i  (  e=:  .09412  metric  horse-power, 

tt  =  .092835  horse-power. 

Poyntiiig*8  Law.— (See  Law,  Poyniin^s) 

Praetioal  Unit  of  IndaeUnce,  or  Self- 
induction.— (See /«</Mf /am-/,  or  Self-Indue- 
tioftj  Practical  Unit  of,) 

Practical  Unit  ofMagrneto-MotiyeForee. 

-^(See  Force,  Magneto-Motive,  Practiced 
Unit  of.) 
Practical  Unite.— (Sec  Units,  Practical.) 

Pressel. — A  press  switch  or  push  connected 
to  the  end  of  a  flexible,  pendant  conductor. 
Pressure  Wires.- (See  H^ires,  Pressure.) 
Primarj  Battery.— (Sec  Battery,  Prim^ 

ary) 
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Primarj,  Breaking  th©  — —  —Breaking 
Dr  opeaing  the  circuit  of  the  primary  of  an 
Qduction  coil.     (See  Primaryt  The,) 

Frf marj  ColL— (Sec  Coil,  Primary) 

Piimary,  Makings  the ^Closing  or 

completing  the  circuit  of  the  primary  of  an 
induction  coil.     (See  Primary,  Thf) 

Primary  Plat<*  Condenser— (See  Plate, 

(Primary,  of  Comi^nser.) 
Primary  Spiral.— (Sec  Spiral,  Primary.) 

Primary,  The  — That  conductor  in 

an  induction  coil  or  transformer,  which  re- 
ceives ihe  impressed  electromotive  force,  or 
which  carries  the  inducing  current* 

On   changes  in  the   Current  intensity  in   the 

r primary,  currents  are  induced  in  the  secondary. 
(Sec  Ittduciipny  Electro^ Dynamic.  Coii,  Induc^ 
ium,    Trmuformer,) 

Prtoe  Condnetar.  — (Sec  Conductor, 
Prime.) 

Prime  Motor,— (See  Moiter,  Prime) 
L      Prime  Morer,- (See  Miwer,  Prime.) 

r     Printer,  Stock,  Callaliaa'» -A  form 

of  printing  telegraph  used  in  sending  stock 
quoutions  telegraphically,  (See  Tei^rapky, 
Prinling.     Ticker,  Stock) 

Printer,  Stock,  Phelps*  ^ A  form  of 

printing  lelt^raph  used  in  sending  stock  quo- 
Utions  telegraphically.  (Sec  Ticker,  Stock. 
Telegraphy,  Printing) 

Probe,  Electric A  metallic  con- 
ductor inserted  in  the  body  of  a  patient  in 
order  to  ascertain  the  exact  position  of  a 
bullet,  or  other  foreign  metallic  substance. 

Two  coaductors  are  placed  parallel  to  each 
other,  and  are  separated  at  the  extremity  of  the 
prol»e  by  any  suitable  insulating  material.  On 
contact  with  the  metallic  sulislancc,  an  electric 
bdl  is  nmg  by  the  closing  of  the  drmit,  or  the 
saune  tiling  Is  more  readily  detected  by  the  de- 
flediini  of  the  needle  of  a  galvanometer^  or  by  a 
telephone  placed  in  the  circuit. 

Procejw,  E1e€trot)i>inp (See  EUc- 

irotyping,  or  the  Electrotype  Process) 

Proeesies  of  CarlH^nlxatioii.— (See  Car- 
kmiMaiUn^  Processes  of) 


Prwluction  of  Electricity  by  Liglii^ 

(See  Electricity,  Production  of,  by  Light) 

Protg-aosis,  Eleetric  ■ — * In  electro- 
therapeutics, a  prognosis,  or  prediction  of  the 
fatal  or  no n -fatal  termination  of  a  disease, 
from  an  elcclro-diagnosis  based  on  the  exag- 
gerated or  diminished  reactions  of  the  excit- 
able tissues  of  the  body  when  subjected  to 
the  varying  influences  of  electric  currents. 
(See  Diagnosis,  Electro) 

Projeetion!*,    Pacinottl    —Radial 

projections  or  teeth  in  an  armature  core  ex- 
lending  from  the  central  shaft,  so  as  to  form 
slots,  pockets,  or  armature  chambers,  for  the 
reception  of  the  armature  coils. 

The  tenn  Pacinotti  projections  was  given  to 
these  teeth  Ijccausc  they  were  first  introduced  by 
Pacinotti  in  htsdynamo-dectric  machine. 

Projector,  Mangin A  special  form 

of  search  light. 

The  Mangin  reflector  consists  of  a  concavo- 
coavQc  mirroFf  the  convex  surface  of  which  is 
silvered  and  acts  as  a  reflector.  The  radii  ot 
curvature  of  t lie  two  surfaces  are  such  that  the 
light  undergoes  the  two  refractions,  i.  ^,,  on  en- 
tering  and  on  passing  out  of  ihe  mirror,  in  such  a. 
manner  as  to  pass  out  of  the  mirror  in  absolute 
parallelism,  and  thus  destroy  all  aberration. 


lilSi^' 


The  Mangin  projector  is  shown  in  longitadina! 
and  in  cross-section  in  Fig.  452,  and  the  projector 
B,  is  placed  in  one  end  of  the  cylinder  A,  furnishetl 
with  the  openings  for  the  ventihtion  of  the  cham- 
ber. 

The  cylinder  is  supported  on  trunnions,  and  by 
means  of  screws  can  be  given  any  desired  inclina- 
tion, in  a  manner  which  will  be  readily  under- 
stood from  an  inspection  of  the  drawing* 

The  source  of  light  is  an  arc  lamp  of  the  focus- 
ing type,     A  small  tlisc  is  placed  in  front  of  the 
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arc  in  order  to  stop  the  direct  light  from  the  arc 
which  would  have  divergent  rays.  The  door  C, 
is  formed  of  a  number  of  cylindrical  lenses,  placed 
parallel  to  one  another,  which  cause  the  rays  to 
diverge  horizontally,  when  so  desired, 

Prony  Brake. — (See  Brake,  Prony.) 

ProportJoual  CoDs,— (See  Coiis,  Propor- 
iionai.) 

Proi»ortionat«  Arms.— (Sec  Arms,  Pro- 
pariimtaii,) 

Proportionate  Anns  of  Electric  Bridge. 

— (See  Arms,  Proporiimtate^ 

Prostration*  Electric Physiological 

exhaustion  or  prostration,  resemblingf  that 
produced  by  sunstroke,  resulting  from  pro- 
longed exposure  to  the  radiation  of  an  unusu- 
ally large  voltaic  arc.  (See  Sunstrekg, 
Electric.) 

Protection,  Electric,  ©f  Houses,  Shipft 

and  BiiUdln^s  diencrftlly Means  for 

protection  against  the  destructive  effects  of  a 
lightning  discharge,  consisting  essentially  in 
the  use  of  lightning  rods.  (See  Rod,  Light' 
niftg,) 

Protwtlon,  Electric,   of  Metals — 

(See  Met  ah.  Electrical  Protection  of  J) 

Protecfive  Sheath.— {Sec  Sheatk,  Pro- 
tective.) 

Protector,  Cable —A  device  for  the 

safe  discharge  of  the  static  charge  produced 
on  ihe  nrjetallic  sheathing  of  a  cable,  or  on 
conductors  surrounding  or  adjacent  to  the 
cable,  conscc|uent  on  changes  in  the  electro- 
motive force  applied  to  the  conducting  core  of 
such  cabk. 

The  cable  protector  is  provided  for  the  purpose 
of  preventing  the  discharge  of  the  charge  from 
piercing  and  thus  injuring  the  insulation  of  the 
cable  itself. 


Protector,  Coml»  ■ 


-A    term    some- 


times applied  to  a  lightning  protector  or  ar- 
rester, in  which  both  the  line  and  ground 
plates  are  furnished  with  a  series  of  teeth, 
like  those  on  a  comb.  (See  Arrester ^  Light- 
ning.) 


Protector,  Voltmlc  Battery — A  de- 
vice for  automatically  disconnecting  a  voltaic 
battery*,  whenever  the  circuit  in  which  it  is 
placed  becomes  grounded. 

The  battery  protector  is  used  in  systems  of  elec- 
tric gaslighting,  where,  unless  great  care  is  cjccr- 
cis«d  in  insulating  the  circuits* considerable  annoy- 
ance is  often  experienced  from  the  rcadinas  with 
which  grounds  arc  established.  This  arises  from 
the  high  electromotive  force  of  the  spark  ob- 
tained from  the  spark  coil,  piercing  the  insula- 
tion and  establishing  a  ground  through  the  gas 
pipes. 

ProtoplaHin.  Effects  of  Electric  Cmrent* 

on  - —  — Contractions  obser\'ed  in  all  pro- 
toplasm on  the  passage  of  an  electric  current 
through  it. 

Protoplmstn,  the  basts  of  plant  and  animal  life, 
or  the  jelly-like  matter  that  fills  all  organic  eeUii 
whatever  may  be  the  origin  of  such  celU,  lufibi 
contraction  when  traversed  by  an  electric  cur* 
rent. 

An  increased  activity  in  the  movements  of  a 
form  of  microscopic  life  called  the  aftmba  is  occa- 
sioned by  slight  shocks  from  an  induction  coil ; 
stronger  discharges  produce  tetanic  contractions, 
with,  in  some  cases,  expulsion  of  food  or  even  of 
the  nucleus,  A  uniform  strength  of  current  pro. 
duces  contraction  and  imperfect  tetanus. 

Pull.— A  contact  maker,  similar  in  general 
construction  to  a  push  button,  but  operated 
by  means  of  a  pulling  rather  than  a  pushing 
force. 

The  pull  is  preferable  to  the  push  in  Gcpoied 
positions,  such  ai  outer  doors,  where  moistore  is 
apt  to  injure  pushes. 

Pull,  Chain  — —  — A  chain  pendant  at- 
tached to  a  pendant  burner  for  the  move* 
ment  of  the  wipe-spark  spring  and  the 
ratchet  in  an  electrically  lighted  gas  burner. 

Pnll,  Boor  Bell,  Electric A  cir- 
cuit-closing device  attached  to  a  bell  pull  and 
operated  by  the  ordinary  motion  of  the  pull 

Pnll,  Electric  Bell A  curuit-clos- 

ing  device  operated  by  a  pulL 

Fig,  453  shows  a  form  of  electric  bell  pull.  On 
pulling  the  bell  handle,  contact  springs,  that 
rest  on  a  ring  of  insulating  material  when  the 
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puH  is  in  its  normal  position,  are  brought  into  con* 
lACt  with  a  metal  ring,  thus  completing  the  cir- 

L  The  bell  puU  it  often  used  to  replace  the 
ordinary  push  button. 

Pulley,  DrlTen  — A  pulley  attached 

to  the  driven  shaft.     (See  Mover,  Prime.) 

Pulley,  BrlfJugr A  pulley  attached 

to  the  driving  shaft,     (See  Afm/er,  Prime,) 

Pulsating  Current,— (See  Current,  PuU 

gating) 

PulEiitioii* — A  t^uantity  of  the  nature  of 
an  angular  velocity,  equal  to  2  w  multiplied 

'  the  frequency  of  the  oscillation,  or,  equal 

2  7t  divided  by  the  duration  of  a  single 
periods 

Pulsatory  Current, — {See  Current,  Put- 
satary,) 

Palpatory  Mag'netic  Field.— (Sec  Fieid, 
Magnet ic.  Pulsatory,) 

Pnl»e»  Electrical An  electric  oscil- 
lation, 

A  momentary  flow  of  electricity  from  a 
conductor,  which  gradually  varies  from  the 
zero  value  to  the  majcimum,  and  then  to  the 
aro  value  ag-aln,  like  a  pulse  or  nbration  in 
an  elastic  medium. 

•  Electric  pulses  are  set  up  in  conductors  con- 
nected with  the  coatings  of  a  Ley  den  jar,  on  the 
discharge  of  the  same.  Such  pulses  produce  a 
series  of  electrical  oscillations,  which  move  alter • 
lately  backwards  and  forwards,  until  the  dis< 
charge  i 9  grad uaUy  dmipa ted «  (See  Osattafitmj , 
£tfctH^.) 

The  circumstances  influencing    the    rate    of 

fTopagation  of  an  electric  pulse  through  different 

I  of  a  dosed  circuit,  according  to  Lodge,  arc— 
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(t.)  The  e^ttra.  inertia,  or  the  so-called  nagnetle 
susceptibility  in  the  conducting  substance,  es- 
pecially at  its  outer  parts. 

(2.)  An  undue  constriction  or  throttling  of  the 
medium  through  which  the  disturbance  is  pass- 
ing. 

(3.)  The  nature  of  the  insulating  medium* 

Pnii]]H  Air,  (leis^ler  Mercurial  — 

A  mercurial  air  pump,  in  which  the  vacuum 
is  attained  by  the  aid  of  a  'f  orricellian  vacuum* 

In  the  Gfisster  Mercttry  Pump^  Fig,  454,  a 
vacuum  is  obtained  by  meani  of  the  Torricellian 
vacuum  produced  in 
a  large  glass  bulb  that 
forms  the  upper  ex- 
tremity of  a  baroint- 
trie  column.  The 
iower  end  of  this  tube 
or  column  is  con- 
nected with  a  reser- 
voir of  mercury  by 
means  of  a  Hexible 
rubber  tube.  To  fill 
the  bulb  with  mer- 
cury the  reservoir  is 
raised  above  its  level, 
t.  if.,  above  thirty 
inches,  the  air  it  con- 
tains being  allowed  to 
escape  through  an 
opening  governed  by 
a  stopcock.  The  ves- 
sel to  be  exhausted  is 
connected  with  the 
bulb,  and  by  means 
of  a  two-way  exhaus- 
tion cock,  communi- 
cation can  be  made 
with  the  bulb,   when 


^V^  4S4*     Cti*fl*r*t  AfSrr- 
cuHal  Air  i\imp. 

it  contains  a  Torricellian 
vacuum,  and  shut  off  firom  it  wliile  its  air  is  being 
expelled. 

In  actual  practice  the  mercury  is  mechanically 
pumped  into  the  barometric  column,  and  the 
valves  arc  opened  cither  by  hand,  or  automati- 
cally  by  electrical  means, 

Puin(»»  Air,  Meehanical A  mechan- 
ical device  for  exhatisiing  or  removing  the  air 
from  any  vessel 

An  excellent  form  of  air  pump  is  shown  in  Fig. 
455.  which  is  a  drawing  of  Bianchi*s  pump. 

Three  valves,  all  opening  upwards,  are  placed 
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at  the  top  and  bottom  of  tlie  cyllader,  and  in  tbe 
piiton,  respectively »  These  valves  are  mechan- 
icalJy  opened  and  closed  at  the  proper  moment 
by  ibe  movements  of  the  piston,  i,  /..  their  action 
hauii^fmi/ic.  This  enables  a  much  higlier  vacoum 
to  be  obtained  than  when  the  valves  open  and 
close  by  the  tension  of  the  air. 

Mechanical  pumps  are  unable  to  readily  pro- 
duce the  high  vacua  employed  in  most  electric 
lamps.  Mercury  pumps 
are  employed  for  this 
purpose.  (See  Pump^ 
Air^  Mercuriai.\ 

Pump,  Air,  Mer- 
ctirial A  de- 
lice  for  obtaining  a 
high  vaoium  by  the 
use  of  mercury. 

Mercury  pumps  are 
in  gtneral  of  two  types 
of  cofKtruction^  viz,  : 

(I.)  The  Geissler 
pump* 

(2.)  The  Sprcngel  pump.  (See  Pitmp,  Air, 
Geissler  Mercurial,  Pump,  Atr^  SprengePs 
Mercurial,) 
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Pump,  Air,  Sprengel's  MercErtal  ■ 


A  mercurial  air  pump  in  which  the  'vacuum 
is      obtained      by 
means   of   the  fall 
of  a  stream  of  mer- 
cury. 

In  the  Sprengel 
mercury  pump^  Fig. 
456,  the  fall  of  a  mer. 
cory  stream  causes 
the  exhaustion  of  a 
reservoir  connected 
with  the  vertical 
tube,  by  the  mechan- 
ical  action  of  the 
mercury  in  entang- 
ling bubbles  of  air* 
These  bubbles  arc 
largest  at  the  begin- 
ning of  the  exhaus- 
tion, but  become 
smaller  and  smaller  /V/-,  4jt^  ^rtngttt  Mtr- 
near  the    end,   until,  cmHal  Aii' Pkm^. 

at  last,  the  charactenstic  metallic  click  of  mer- 
cury or  other  liquid  falling  in  a  good  vacuum 


b  beard.    The  exhaustion  may  be  considerDd  u 
completed  when  the  bubbles  entirely  disappear 

from  the  column. 

The  S pre n gel  pump  produces  a  better  vacuuni 
than  the  Geissler  pump,  but  is  slower  in  its 
action. 

In  actual  practice,  the  mercury  that  has  iaJHak 
through  the  tube  is  again  raised  to  the  reservoir 
connected  to  the  drop  tube  by  the  action  of  a 
mechanical  pomp. 

Pumping:  of  Electric   Ligrhts. — A  term 

sometimes  applied  to  a  pulsating  or  period- 
ical increase  and  decrease  in  the  brilliancy  of 
the  light. 

This  action  is  generally  due  to  the  periodic  slip- 
ping of  the  belt  or  other  driving  tnechanisro.  lit 
the  case  of  arc  lamps  it  may  also  be  caused  by  the 
improper  action  of  the  feeding  device  of  the 
lamp. 

Punctare,  Electro  — —  —The  appUcation 
of  electrolysis  to  the  treatment  of  aneurisms 
or  diseased  growths. 

The  blood  i%  decomposed  by  the  introduction 
of  a  line  platinum  needle  comiectcd  with  the 
anode  of  a  battery,  and  insulated,  except  near  its 
point,  by  a  covering  of  vulcanite. 

The  kathode  is  a  sponge-covered  raetalUc  plate. 

Puncture,  Oalrano  ^—  —A  term  some- 
times   apphed    to    electro-puncture.      (See     1 
Purtclure,  Electro,)  m 

Panning  of  Telegnpb  Pole.— (See  P&le, 

TehgraphiCt  Punning  of.) 

Piisti. — A  name  sometimes  applied  to  a 
push  button,  or  to  a  floor  push*  (Sec  Pusk, 
Floor,    Button,  Push,) 

Push  Button.— (See  Builon,  PmsA,) 
Push-Button    Rattler.  —  (Sec    JialiUr,  ^ 

Posh,  Floor ^A  push  button  placed 

on  the  Boor  of  a  room  so  as  to  be  neadiljf 
operated  by  means  of  the  foot.  (See  B^- 
ton.  Push,) 


Pyknometer,— A   leriii     sometknes 
for  the  specific  gravity  bottle  employed  in 
determining  the  specific  gravity  of  a  liquid. 

Pyrhellomcter.— An  apparatus  for  mea- 
suring the  energy  of  the  solar  radiation* 
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The  pTTbeUonieter  consists  easeadallj  of  a 
qriiodcr,  the  sura  of  whose  base  is  accu- 
tately  determined.  The  cylinder  being  fiQed  with 
«  known  weight  of  water,  the  water  sur&ce  is  ex 
poied  fat  a  dcEnite  linic  to  the  sun's  radiation, 
mad  the  iucreaae  in  temperature  carefully  deter^ 
imoed^  Tbc  product  of  the  weight  of  the  water 
thus  heated  by  the  increase  in  degrees,  gires 
the  number  of  heat  tmitSi  from  which  the  total 
energy  absorbed  is  readily  calculable.  In  order 
to  avoid  loss  by  reflection  or  diffusion  from  tlie 
water  surface,  it  is  covered  by  a  layer  of  lamp- 
black.    (See  CW/J,  //eai.     Ca/an'meUr.) 

Pyro  -  Electricity.  —  (See      Electricity, 

Pyro-Magrnetlc  Generator  or  Dynamo.— 
JSee  Generator,  Pyro-Magnetic.) 

Fjrro-Magnetk*  Motor* — (See  Matar,  Pyro- 
Magnetic) 

Pyrometer. — An  instniment  for  deter- 
mining tcmpcTatures  higher  than  those  that 
can  be  readily  measured  by  thermometers. 

Pjroroeters  are  operated  m  a  varicly  of  ways, 
A  common  method  is  by  the  expinaion  oFa  metal 
rod. 

Pyrometer,  Siemens^  Electric —An 

tus  lor  the  determination  of  Icmpera- 


ture  by  the  measurement  of  the  electric  resist- 
ance of  a  platinum  wire  exposed  to  the  heat 
whose  temperature  is  to  be  measured. 

The  platinom  wire  is  coiled  on  a  cylinder  of 
fire-clay,  so  that  its  separate  convolutions  do  not 
touch  one  another.  It  is  protected  by  a  platinum 
shield,  and  is  exposed  to  the  temperature  to  be 
measxired  while  inside  a  platinum  lube. 

The  resistance  of  the  platinum  cod  at  O  degree 
C,  having  been  iccuratdy  ascertained,  the  temper- 
ature to  whicfa  it  has  been  expoeied  can  be  calcu- 
lated from  the  change  in  its  resistance  when  ex- 
posed to  the  unlcnown  temperature. 

Pyrometer,    Siemens'    Water A 

pyrometer  employed  for  determining  the  tem- 
perature of  a  furnace,  or  other  intense  source 
of  heat,  by  calorimetric  methods^  /.  /.,  by  the 
increase  in  the  temperature  of  a  known 
weight  of  water,  into  which  a  metal  cylinder 
of  a  given  weight  has  been  put,  after  being 
exposed  for  a  givnen  time  to  the  source  of 
heat  to  be  measured. 

When  copper  cylinders  are  employed,  ihc  in- 
strument possesses  a  range  of  tempuratute  of 
i^Soo  degrees  F.;  when  a  platinum  cyltuder  is 
used,  it  has  a  range  of  2,700  degrees  F. 


ip — A  contraction   for  electric  quantity. 

Qamd. — A  contraction  sometimes  em- 
ployed in  place  of  quadruplex  telegraphy, 
(See  Telegraphy,  Quadruplex^) 

(Quadrant*— A  term  proposed  for  the  unit 
of  self-induction. 

An  earth  quadrant    is  equal  to    lo**    centi- 

In  the  Uoited  States  the  word  henx-y  is  used 
fat  tJicunit  of  self-induction.     (See  Hemy^  A,) 

Qaadntnt  Electrometer,— (See  Electro- 
muter.  Quadrant.) 

Qaoflraiit  Electroscope,  Flenley'a— {Sec 
EUctrosc&pe,  Quadrant,  Henley  s^) 

<)nailraiit  Legal A  length  equal  to 

^978  tctlometres,    instead  o(    the   assumed 
10,000  kilometres. 


Qiiailraiit,  Standard A  length  equal 

to  1 0,000  kilometres. 

({tiadratiire,  In  - —  —A  term  employed 
to  express  the  fact  that  one  simple  periodic 
quantity  lags  90  degrees  behind  another. 

The  electromotive  force  of  self-induction  is  said 
to  lie  in  quadrature  with  the  effective  electro- 
motive force  or  current. 

QuadrupleiL  Telegraphy,  Bridge  KeUuid 

of  —(See     Telegraphy,    Quadruplex^ 

Bridge  Met/tod  of.) 

QuaUtatlTe  Aufljysk,  —  (Sec  Analysis, 
Quafitatitte.) 

Qtiatltj  or  Tlmlire  of  Somid.— (See  Sm$md^ 
Quality  or   Timbre  o/A 

<}iiaiitltatiTe  Aimlysis. — (See  Afutlysis, 
Quantitative,) 
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Qnantitj    Arraature.  —  (See  Armature. 

Quaftiity,) 
Quantity,    €<»iiuectli>ii    of    Battery  f<»r 

(See    Baiiery,    Connection    oft  for 

Quantity^) 

Qimntity  Effleieney  of  Storage  Battery, 
— (See  Efficiency,  Quantity,  of  Storage  Bat^ 

tery.) 
QuaEtity,  Cult   of    Electric A 

definite    amount    or    qoantiiy  of   electricity 
called  the  coulomb*     (Sec  Coutomb,) 

Although  the  exact  nature  of  electricity  is  un- 
known, yet,  like  a  fliiid  {a  liquid  or  gas),  electricity 
can  be  accuratdy  measured  as  to  quantity. 


A  ainrent  of  t  ampere,  for  example,  is  « 
current  in  which  one  coulomb  of  electricity  puses 
in  every  second, 

A  condenser  of  the  capacity  of  i  iarad,  it 
large  enough  to  hold  I  coulomb  of  electricity 
if  forced  into  the  condenser  under  an  electro- 
motive force  of  I  volt,  (See  Cafadty^  Etecir^ 
static.    Farad.     Volt,     Ampfre.) 

Quiet  Arc.— (See  Arc,  Quiet.) 

Qiitet   Bi»cliarg'C.~(Sce  Discharge^  Sf* 

tent.) 

Qiilckln^  Solation*  —  (See  Solutiim^ 
Quicking^ 


B. — ^A  contraction  used  for  ohmic  resist- 
ance. 

0. — A  contraction  used  for  specific  resist- 
ance. 

Radial  Aruiaturc,—  (See  Ar  mature  ^ 
Radiai:\ 

Radially  Laminated  Aiuiature  Core.— 
(See  Core^  Armature,  Radiiiliy^Lamtttaied*] 

Radiant  Eaer^y.^ — (See  Energy,  Radiant,) 
•  Radiant  Matter,— (See  Matter,  Radiant, 
0r  Ultra'Gaseous.) 

Radiate.— To  transfer  ener^gy  by  means  of 
waves. 

Radiating.— Transferring  energy  by  means 
of  waves* 

Radiation, — Transference  of  energy  by 
means  of  waves. 

When  an  elastic  body  is  set  into  vibration, 
whether  it  be  the  vibrations  that  produce  light, 
heat  or  electricity,  energy  is  charged  on  the 
body,  and  the  body  will  then  continue  to  vibrate 
until  it  imparts  to  some  medium  surrounding  it 
an  amount  of  energy  exactly  equal  to  that  orig- 
inally imparted  to  itself. 

In  the  case  of  a  sonorous  body  the  energy  is 
transferred  from  the  vibrating  body  to  the  air 
around  it.  For  example,  in  the  case  of  an  elastic 
metallic  wire  set  into  vibration,  the  wire  will  con- 
tinuc  to  vibrate  until  it  does  as  much  work  on 
the  surrounding  air  as  was  origmally  done  on  it, 
in  order  to  set  it  into  vibration. 


In  the  case  of  a  heated  body  the  eaer^  fs 

transferred  from  the  body  to  the  lumixuferoos 
ether  around  it.  For  example,  in  the  case  of  the 
same  wire  heated  above  the  temperature  of  the 
air,  the  energy  imparted  to  the  molecules  of  the 
metal  by  the  source  of  heat  causes  them  lo 
move  towards  and  from  one  another.  These 
to  and  fro  motions  of  the  molecules  cause  the 
surrounding  ether  to  be  set  into  waves,  and  as 
much  energy  is  imparted  to  the  ether,  as  was 
originally  imparted  to  the  'vire  in  order  to  heat  iL 

In  the  case  of  a  luminous  body  the  energy  is 
transferred  from  the  body  to  the  lumimferoui 
ether.  For  example,  if  the  wire  is  heated  to 
luminosity  by  a  certain  amoimt  of  energy  im- 
parted to  it,  the  surrounding  ether  is  now  set 
into  waves  of  both  light  and  heat,  which  dificf 
from  one  another  only  in  their  wave  length,  and 
the  luminous  body  will  continue  to  radiate  light 
and  heat  until  it  imparts  to  the  surrounding 
ether  an  amount  of  energy  exactly  equal  to  that 
onginally  imparted  to  it. 

So,  too«  in  the  case  of  a  body  charged  with 
electricity.  If  disruptively  discliar^ed,  the  im- 
pulsive rush  of  electricity,  soproduced,  causes  the 
energy  charged  on  it  to  be  radiated  as  dectro- 
magnetic  waves  into  the  surrounding  ether.  The 
discharging  body  is,  to  all  intents  and  purposes^  in 
the  same  condition  as  the  vibrating  elastic  wire, 
and  dissipates  or  radiates  its  energy  in  much  the 
same  manner. 

Radiation,    Electro-Xi^riietle    — 

The  sending  out  in  all  directions  from  a  coir 
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ducton  through  which  an  oscillating  discharge 
is  passing,  of  electromagnetic  waves  in  all 
respects  similar  to  those  of  light  except  that 
icy  are  of  much  greater  length.     (See  EUc- 
(ttfyt  Herti's  Theory  of  Eieciro-Magiutic 
Radiations  or  Waves,) 
Radiation  af  Eke  trie  it). —(Sec  Electri- 
city, Radiation  of.) 

Radiation  of  Ltaes  of  Force.— (See  Force, 
Lines  of.  Radiation  of,) 

Radical^  Comiwand  —A  group  of 

unsaturated  atoms. 

A  group  of  elementary  atoms,  some  of  the 
bonds  of  which  are  open,  or  not  connected 
or  joined  with  the  bonds  of  other  atoms. 
(See  Atomicity^ 

For  example,  hydroxyl,  HO,  h  a  compound 
radical^  with  one  of  the  two  bonds  of  the  dxad 
CMcygen  atom^  open  or  unsaturated* 
'  Radical^  Simple  — —  —An  unsaturated 

atom  with  its  bond  or  bonds  free. 

A  single  unsaturated  atom  as  distinguished 
from  an  unsaturated  gronp  of  atoms. 
,  Radk'iil^ — Unsaturated  atoms  or  groups  of 

atoms,  in  which  one  or  more  of  the  bonds  are 
left  open  or  free. 
I  Radical  are  either  Simple  or  Compotmd, 

^^^  The  radical  may  be  regarded  as  ihu  basis  to 
^^pitiich  other  etementa  may  be  added «  or  as  the 
^^iuclcus  around  which  they  may  be  grouped. 
I  Thus  H  ,0,  forms  a  complete  chemical  molecule, 

because  the  bonds  of  all  its  constituent  atoms  arc 
I  faturated.  thus  H  —  O  —  1 1.  But  II  —  O  — ,  or 
kydroxyt^  is  a  radical,  because  its  oxygen  atom 
possesses  one  unsaturated  or  free  bond.  By 
oombtning  with  the  radical  (K0,)»  it  forms  nitric 
acid,  thus  H  ^  O  —  (NO,)  or  H  NO,, 

During  electrolysis,  the  molecules  of  the  et^c* 
trolyte  are  decomposed  into  two  groups  of  wirn>le 
or  compound  radicals,  called  ions.  These  ions  are 
respectively  electro-positive  and  electro-negative, 
and  are  called  kafhions  and  anions.  (See  lam, 
Steftm/yjis,) 

Radiometer,  Crookes* An  appara- 
tus for  showing  the  action  of  radiant  matter 
m  producing  motion  from  the  effects  of  the 
icaciion  of  a  stream  of  molecules  escaping 
m  a  number  of  easily  moved  heated  sur- 
es.     (Sec  Matter,    Radiant,  or    Ultra* 


Radloinet^n   Electric,  Crookes 


A  radiometer  in  which  the  repulsion  of  the 
molecules  of  the  residual  atmosphere  takes 
place  from  electrified  instead  of  from  heated 
surfaces.     (See  Radiometer,  Crookes\) 

Radlo-Mtcrometer,  Boys* An  elec- 
trical apparatus  for  measuring^  the  intensity 
of  radiant  heat. 

The  action  of  the  radio- micrometer  depends  on 
the  deflection^  by  a  magnetic  field,  of  a  suspended 
lhermo*electric  circuit  composed  of  three  metals, 
viz,:  two  bars  of  antimony  and  bismuth,  or  of 
their  alloys,  which  arc  soldered  side  by  side  to 
the  end  of  a  minute  disc  or  strip  of  copper  foil^  as 
shown  in  Fig.  457.     This  disc  or  foil  of  copper  is 
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Fit^  4S?'    B9ft*  RadiehMicramtier* 

provided  for  the  purpose  of  receiving  the  radia- 
tion that  is  to  be  measured.  The  upper  ends  ol 
the  thermo-couple  are  soldered  to  the  ends  of  a 
long,  narrow,  inverted  U-shaped  piece  of  copper 
wire,  which  completes  the  thermo-electric  circuit. 

The  absorption  of  radiant  energy  by  the  cop- 
per disc  connected  to  the  Ihermo  electric  couple 
produces  an  electric  current^  and  the  circuit, ' 
being  suspended  in  a  magnetic  field,  is  at  once 
deflected  to  a  degree  dependent  on  the  intensity 
of  the  radiation,  or  of  the  current  generated  at 
the  thermo-electric  junction. 

The  means  adopted  for  the  suspeneion  of  the 
system  are  shown  in  Figs.  457  and  458.  A 
small  piece  of  straight  wire  is  soldered  to  the  up« 
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per  end  of  the  copper  stirrup,  whicH  completes 
(he  thenao-deciric  circuit.  This  wire  is  cementod 
lo  the  bwer  end  of  a  glus  tube,  the  upper  end 
of  which  is  provided  with  a,  mirror^  and  the  irhole 
suspended,  as  shown*  by  a 
quartz  Bbre  in  the  field  of  a 
powerful  magnet. 

In  a  radio- micrometer  made 
by  Prof,  Boys,  the  minuteness  of 
tke  suspended  circuit  may  be 
judged  from  the  following  ac- 
tual dimensions,  vxl,  i  Thermo- 
electric bars.  I  a  i^g  It  ^\^  inch  ; 
capper  circuit  of  number  36 
copper  wire,  i  inch  long  and 
about  ^  inch  wide ;  copper 
heat-receiving  surface,  black- 
ened on  the  face  exposed  to  the 
radiation,  ^  inch  in  diameter, 
or  J  X  ^  inch;  receiver,  ^  inch 
square,  ^J^  inch  thick  ;  quarU 
fibre  4  inches  long,  ^^^  inch  in 
diameter. 

This  instrument,  when  pro- 
perly adjusted  for  extreme  sen- 
sitiveness, should  five  ctear  in* 
dications  when  the  blackened 
surface  is  warmed  but  the 
TTFhffo  degree  Centigrade,  k  Radiff-Micr^mtter, 
will  respond  to  the  heat  radiated  on  the  surface 
of  a  half  penny  from  a  candle  dame  at  a  dis- 
tance of  1,530  feet. 

In  order  to  avoid  the  disturbance  due  to  the 
magnetic  qualities  of  the  antimony  and  bismuth 
bars,  the  central  portions  of  the  metallic  block, 
inside  which  the  system  ij  suspended,  is  made 
of  iron,  as  shown  by  the  heavier  shading  in 
Fig.  457- 

This  mass  of  iron  serves  as  a  magnetic  scneeii 
to  the  thermo-eiectric  bars,  but  permits  the  actioci 
of  the  field  on  the  circuit. 

Kadlophofie. — A  name  sometimes  given  to 
the  photophone*     (See  P/totaphane) 

Ra4io]»lioiij« — The  production  of  sound  by 
a  body  capable  of  absorbing  radiant  energy 
when  an  intermittent  beam  of  light  or  heat 
falls  on  it. 

The  action  of  radiant  energy,  when  absorbed 
by  matter^  is  to  cause  its  expansion  by  the  conse- 
quent increase  of  tempenture.  This  occurs  even 
when  the  body  it  but  mamentarily  exposed  to  a 
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flash  of  light,  but  the  inttantaneoiis  eapansioa 
thus  produced  immediately  dies  away,  and  by 
itself  is  indistinguishable.      U,  however,  a 
ciently  rapid  succession  of  such  dashes  lail  < 
body,  the  instantaoeouj  cxpaniions  and  cootsac-  ^ 
tions  produce  an  appreciable  musical  note. 

The  sounds  so  produced  have  been  utilized  bf 
Bell  and  Tainter  in  the  construction  of  the 
phm^,    (Sec  Phoi&pkone,) 

EailroatI,   Electric —  A  railroad,  or  1 

railway,  the  cars  on  which  arc  driven  or  pro- 
pelled by  means  of  electric  motors  connected  j 
with  the  cars. 

The  electnc  current  that  drives  the  motor  ii 
derived  cither  £rom  storage  batteries  placed  00 
the  cars,  or  from  a  dynamo -electric  machine,  or 
battery  of  dynamo- electric  machines,  oonvcniendy 
situated  at  some  point  on  the  road.  The  current 
from  the  dynamo  is  led  along  the  h'ne  by  suitable 
electric  conductors  and  is  passed  into  the  electric 
motor  as  the  car  runs  along  the  tracks  in  various 
ways,  viz.: 

Systems  for  the  dectric  propulsion  of  cars  may, 
therefore,  be  divided  Into  thedependeot  system,  in 
which  the  driving  current  is  obtained  from  cooduc* 
tors  placed  soniewhere  outside  the  cars,  aad  the 
independent  system,  where  the  current  is  derived 
from  primary  or  secondary  batteries  placed  on 
the  cars.  (Sec  RaUraaJi,  SUfirU,  Depfudtni 
Systtmof  M*>tivt  Pawrr/or,  Maihoads,  Mluirit^ 
IndiTptnd^ni  System  a/  Afotivg  Pwm^r  fmr.\ 

In  the  dependent  system,  the  conductor*  which 
supply  the  car  with  current  are  placed  either 
overhead,  on  tlie  surface  of  the  road -bod  or  ud* 
derground.  Thus  arise  three  divi^ns  of  the 
dependent  system: 

( I . )  The  Surface  System. 

(2.)  The  Underground  System. 

(3.)  The  Overhead  System. 

(1.)  The  Surf  act  SysUm^^Bj  pUcia^  Oiie  ce 
both  raihi  in  the  circuit  of  the  dynamo  and  Cakiof 
the  current  from  the  tracks  by  means  of  aUdiaf 
or  rolling  contacts  connected  with  the  motor. 

(2. )  T/u  Underground  System.  —  By  placiof  the 
conducting  wires  paraUel  to  each  other  in  a  loogi* 
tudinally  slotted  underground  conduit  in  the  road* 
bed,  and  provided  with  two  central  plates,  tnfiu 
lated  from  one  another  and  connected  respectivelf 
to  the  motor  terminals,  and  taking  the  oacient 
by  meant  of  a  IraveMng  brush  or  roller,  called  a 
plow,  sled  or  shoe.  On  the  movemaat  ol  tecv 
over  the  track,  these  traveling  contacts  toiidl  Af 
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two  pftr^ellme  conductocs  in  the  condtiit  uid 
lake  tb«  electric  current  therefrom*     (See  /Yew. 

(J/)  TAf  Overkiad  System. — By  ptacing  the 
fine  cooductors  on  poles  along  the  road,  and 
taking  the  current  therefrom  hy  means  of  suitable 
Iraveliiig  contact!  called  troll eys^  or  by  sliders, 

Whieie  a  single  conductor  is  employed,  the  re -^ 
turn  conductor  gciierally  consists  of  the  track 
itself,  or  of  the  track  and  ground,    ( See  Tr&iley, ) 

The  first  method^  yist.,  that  of  using  the  tracks 
alone  as  conductors,  is  not  much  employed. 

The  use  of  the  track  and  ground  as  a  return  for 
the  current  is  nov^  very  generally  employed. 

In  some  systems  the  track  is  divided  into  sec- 
tiom  which  are  successively  brought  into  connec- 
tiofi  with  the  main  conductors  by  contacts  effected 
by  the  attraction  between  magnets  carried  on  the 
car  and  contact  pieces  of  magnetic  material  placed 
below  the  surface.     The  rail  section  thus  tempo- 

.rily  energized  is  placed  in  connection  with  the 
motor. 

In  order  to  regulate  the  speed,  various  devices 
Ms^  employed  to  vary  the  current  strength  in  the 
motor  circuit  These  devices  consist  essentially 
of  rheostats  or  resistances  introduced  into,  or  re- 
moved from,  the  motor  circuit  on  the  movement 
by  hand  of  a  lever  that  forms  part  of  the  circuit, 
Xftm  contact  plates  connected  to  the  resistance 
coils. 

In  order  to  change  the  direction  of  the  car,  the 
directtO(n  of  rotation  of  the  electric  motor  is 
changed*  This  is  effected  by  some  form  of  re- 
▼ersDg  gear  or  mechanism  that  changes  the  di- 
rectibo  of  rotation  of  the  motori  either  by  shifting 
the  brushes,  by  changing  the  field,  or  by  any 
other  means,  (Sec  Ttlpkerage^  M^or^  EUt* 
irt€.     likens  iai.) 

Ruilroadft,  Absolute   Block   System  for 

A  block  system    in   which  one  train 

only  is  permitted  to  occupy  a  given  block  at 
any  time.  (See  Railroaiis^  Block  System  for.) 

Railroads,  A  atom  a  tie  El  ee  trie  Safety  Sys- 
tem tor^ A   system    for  aulomatically 

preventing  the  approach  of  two  trains  at  any 
speed  beyond  a  predetermined  distance  of 
each  other* 

The  system  consists  essentially  in  the  automatic 
dosing  of  the  circuit  of  an  electric  motor  placed 
«in  the  locomotive  between  the  steam  dome  and 
the  sand  box.  This  motor  i$  in  circuit  with  a 
loc^  battery  placed  on  the  cow-catcheri  and  in- 


troduced in  the  droiit  of  the  motor  by  a  magaet 
placed  on  the  cow-catcher,  as  shown  in  Fig.  459, 


Fig.  4$^"    t9C9m0twt  tvitk  Safety  SfMUm* 

which  represents  a  locomotive  provided  with  this 
system* 

The  magnet  is  on  open  circuit  with  generators 
p'aced  on  the  rear  car  of  a  second  train,  or  with 
generators  at  a  bridge  or  crossing. 

By  means  of  double  sectional -conductors  placed 
along  the  track,  the  generators  are  automatically 
closed  through  the  magnet,  one  conductor  being 
in  permanent  connection  with  the  magnet,  while 
the  otlier  is  connected  to  the  generator  in  the  ncaj* 
car  of  a  second  train,  at  a  switch  or  crossing.  The 
other  terminals  of  the  magnet  and  generators  arc  in 
permanent  electricial  connection  with  the  rails, 
which  are  employed  as  return  ground  conductors. 

Fig,  460  shows  the  application  of  the  safety 
etectric  system  to  a  bridge. 


Fig.  4^0.     Sa/fty  Sysi*m/&e  Bri4£«* 

Fig,  461  shows  the  application  of  tlie  safety 
system  at  grade  crossing. 


F^,  461*    Sa/ttj  SysUm/vr  Gradt  Omting. 

The  author  is  indebted  to  Mr,  E.  P.  Thompson 

for  cuts  and  general  description. 

Railroads  Block  System  for ^A  sys- 
tem for  securing  safety  from  collisions  of  mov- 
ing railroad  trains  by  dividing  the  road  into  a 
number  of  blocks  or  sections  of  a  given 
length,  and  so  maintaining  telegraphic  com« 
munication  l:)etwecn  towers  located  at  the 
ends  of  each  of  such  blocks  as  to  prevent, 
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by  the  display  of  suitable  signals,  more  than 
one  train  or  engine  from  being  on  the  same 
block  at  the  same  time. 

There  are  iwo  kinds  of  railway  Ijlock  systems 
in  common  use,  viz.: 

(l  )  ThGAha/uU  Block  System, 

(a.)  The  Permissive  Block  System, 

In  the  absolute  system,  whkh  ia  the  safer,  one 
tram  only  is  permitted  on  any  particmar  block  at 
a  given  time. 

In  the  permissive  block  system  more  Iban  one 
train  is  permitted,  under  certain  circumstances 
and  conditions,  to  occupy  the  same  block  simul- 
taneously, each  train  then  being  notified  of  the 
finct  that  it  is  not  alone  on  the  blocks 

The  absolute  block  system^  though  expensive 
to  construct  and  maintain,  is  the  only  one  that 
should  be  permitted  by  law  to  exist  on  roads  whose 
trafEc  exceeds  a  certam  amount. 

An  absolute  block  system  is  employed  on  the 
Itondon  Underground  Railroad »  and  on  the  Penn- 
sylvania Railroad  Systems. 

The  system  In  use  on  the  New  York  Division 
of  the  Pennsylvania  Railroad  is  as  follows  : 

The  road  between  Philadelphia  and  Jersey  City 
is  divided  into  some  seventy  sections,  the  length 
of  each  section  being  dependent  on  the  amount  of 


Fij[,  4b i.     Block  Tbvmr, 

daily  trafBc  ,  thus,  between  Jersey  City  and  New* 
ark,  where  the  traflfic  is  great,  there  are  some 
Meen  sections,  although  the  distance  is  only  7.9 
miles^ 

In  each  block-tower  there  are  connections  with 
three  separate  and  distinct  telegraph  lines  or  cir- 
cuits, viz. : 

(I.)  A  line  or  wire  called  the  train  wire,  con- 
necting the  block-tower  with  the  General  Dis- 
patcher's office  at  Jersey  City,  This  line  is  used 
ibr  sending  train  orders  only. 

(2.)  A  line  or  wire  called  the  ^^i  wire^  con- 


necting each  block- tower  with  the  next  tower  on 
each  side  of  it 

(3.}  A  line  or  wire  called  the  message  wirt^  and 
used  for  local  traffic  or  business. 

The  general  arrangement  of  the  block-tower  ts 
shown  in  Ftg.  462. 

Each  of  the  block-towers  is  sufficiently  elevated 
above  the  road-bed  to  afford  the  operator  an  un- 
obstructed view  of  the  tracks. 

The  operator,  having  ascertained  the  actual 
condition  of  the  track,  cither  by  observation  or  by 
telegraphic  communication  with  the  stations  on 
cither  side  of  him,  gives  notice  of  this  condition  to 
all  trains  passing  his  station  by  the  display  of 
certain  semaphore  signals. 

The  semaphore  signals  as  used  on  the  Peon- 
sylvania  Railroad  are  shown  m  Figs.  463  and  464, 

The  form  shown  in  Fig.  463  is  used  in  the  abso- 
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Fi€*  4^S*    Stmm^h«rt  Signml-^AitolmU  ^$igm* 

lute  system,  and  that  shown  in  Fig.  464  in  the  per* 
missive  system.  These  signals  consist  essentiaUy 
of  an  upright  support  provided  with  a  movable 
arm  A  B,  called  the  semaphore  arm^  capable  of 
being  set  in  any  of  two  or  three  positions.  Tlic 
semaphore  signal  is  placed  outside  the  signal 
tower,  often  several  hundred  feet  away,  but  is 
readily  set  from  the  tower  in  any  of  the  desired 
positions  by  the  operator,  by  the  movement  of 
rods  connected  with  levers. 

In  the  permissive  system,  the  semaphore  arm 
can  be  set  in  three  positions,  vi«t; 

41.)  In  a  horizontal  position,  or  where  the 
semaphore  arm  makes  an  angle  of  90  decrees  with 
the  upright, 

(2.)  Or  it  may  be  dropped  down  from  the 
horizontal  position  through  an  angle  of  75 
degrees,  as  shown  in  Fig.  463, 

(3.)  Or  it  may  occupy  a  position  exactly  Inier* 
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mediate  between  tbe  6rst  and  second,  or  37''  30' 
below  the  homontal,  as  shown  in  Fig.  464. 

Position  No.  I  is  the  danger  signal,  and  when 
t  is  displayed  the  train  may  not  enter  the  block 
it  governs. 

Position  No.  2  shows  that  the  track  is  clear, 
ftnd  that  the  train  may  safely  enter  the  block  it 
governs. 

Position  No,  3,  which  is  used  in  the  permissive 

r block  system,  only  signifies  caution,  and  permits 
^  train  to  cautiously  enter  the  block  and  look 
at  for  further  signals. 

The  semftphore  arm  consists  of  a  light  wooden 
arm,  11  inches  wide  by  5}  feet  tn  length,  painted 
red  or  other  suitable  color  that  can  be  easily  dis- 
tinguished by  daylight. 

By  night  the  positions  of  the  semaphore  arm 
are  indicated  by  colored  lights.    These  lights  are 
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r^perated  as  folio ws»  viz. :  in  the  absolute  system, 
the  semaphore  arm  A  B,  pivoted  at  A»  bears  at 
its  shorter  end  a  disc  or  lens  of  red  glass  K,  and, 
in  the  permissive  system,  below  this  another  disc 
or  lens  of  green  glass  G.  An  oil  Ian  tern,  pro- 
vided with  an  tmcolored  glass  lens,  is  so  sup- 
ported on  a  bracket  fastened  to  the  upright  that 
when  the  semaphore  arm  points  to  danger  the 
red  gtass  is  immediately  in  front  of  the  lantern  ; 
when  it  points  to  caution,  the  green  glass  is  in 
front  of  the  lantern;  but  when  it  points  to  safety, 
the  lantern  is  left  uncovered  save  by  its  uncolored 
glass. 

At  night,  therefore,  when  the  semaphore  arm 
is  set  to  danger,  a  red  light  is  displayed;  when  it 
points  to  caution,  a  green  light  is  displayed;  and 
when  it  points  to  safety,  a  white  light  is  display cd« 
I  la  tome  systems  the  position  of  the  semaphore 


arm  is  shown  at  night  by  means  of  light  reflected 
from  a  parabDlic  mirror,  at  the  focus  of  which  the 
signal  lantern  is  placed*  This  method  possesses 
the  advantage  over  other  systems  of  rendering  it 
very  improbable  that  the  engineer  would  mistake 
an  ordinary  light  for  a  signal  light. 

The  green  light  is  only  used  in  the  permissive 
block  system.  In  the  absolute  block  system,  the 
semaphore  arm  has  two  positions  only  ;  viz,,  dan* 
ger,  or  horizontal,  and  safety,  or  75  degrees  below 
the  horizontal. 

A  single  arm  is  used  when  it  is  intended  to 
govern  a  single  track  only.  Where  the  condition 
of  a  number  of  tracks  is  to  be  indicated,  several 
arms  are  employed,  one  above  the  other. 

When  semap  rore  signals  are  placed  on  each  u<^t 
of  a  double-track  road,  the  semaphore  arm  points 
ing  to  the  right  of  the  vertical  support  governs 
the  line  running  to  the  right. 

When  the  semaphore  signals  arc  placed  at 
junctions  or  switch -crossings,  the  operator  tn  the 
signal-tower  opens  or  closes  the  switches  from 
the  tower  by  the  movements  of  levers  that  set  the 
switches,  and  then  displays  the  proper  semaphore 
signal  for  that  crossing  or  route  ;  red,  or  danger, 
if  the  route  is  blocked,  and  white,  or  safety,  if  it 
is  dear.  Here  the  interlocking  apparatus  is  em- 
ployed, which  consists  in  devices  by  means  of 
which,  when  a  route  has  once  been  set  up  and  a 
signal  given  for  that  rrmtc,  the  switches  and  sig- 
nals are  $0  interlocked  that  no  signal  can  pos- 
sibly be  given  for  a  conflicting  route. 

The  signals  or  switches  are  operated  by  means 
of  iron  rods  passing  over  rollers  or  pulleys. 
These  rods  are  attached  by  suitab'c  connections 
to  the  switch  or  semaphore  signals,  and  are 
operated  by  means  of  levers  from  the  signal- 
tower.  Switches  can  be  operated  as  fir  as  i  ,000 
feet  from  the  tower;  signals  as  far  as  2,500  feet. 

Colored  switch- signals  are  placed  opposite  the 
end  of  the  switches  to  indicate  the  positions  of 
the  switch,  These  signals  consist  of  red  and 
white  discs  for  day,  and  a  lantern  provided  with 
red  and  white  glasses  for  night.  When  the 
switch  on  any  line  is  open,  the  switch-signal  shows 
red;  when  shut,  it  shows  white.  These  switch* 
signals  are  only  used  \n  the  yards. 

No  passenger  train  ia  permitted  on  a  block, 
after  another  train  has  passed  the  signal  station, 
until  a  dispatch  has  been  received  &x>m  the 
station  ahead  that  the  train  has  passed  and  the 
block  is  thus  cleared. 

As  an  additional  precaution  against  rear  coK 
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llnemSf  tail-Hghit  arc  displayed  at  the  ends  of  the 
tTAins.  These  consist  of  lanterns  placed  on  each 
aide  of  the  rear  end  of  the  last  car.  These 
lanterns  ane  furnished  wtth  three  glass  sKdes. 
The  side  of  the  lantern  towards  the  rear  of  the 
car  shows  a  rc-i/ light;  that  to  the  front  and  side 
of  tlic  car  shows  a  green  Hj^ht.  The  engineer, 
looking  out  of  the  cab,  can  thus  see  a  green  light, 
which  serves  as  a  "mark^"  and  indicates  to 
him  that  his  train  is  intact.  By  day  a  green  lla  j, 
placed  in  the  same  position  as  the  lanlern,  serves 
the  same  purjiosc  as  a  marker.  An  observer  on 
the  tracki  or  in  the  tower,  sees  the  red  lights  on 
tbe  rear  of  the  train  when  it  has  passed. 

Freight  trains  are  now  run  on  separate  track9» 
except  in  places  where  the  extra  tracks  are  not 
yet  completed.  Here  they  do  not  run  on  schedule 
time,  but  are  permitted  to  follow  one  another  at 
intervals  that  depend  on  the  condition  of  the 
tracks  as  shown  by  the  signals  displayed, 

llatlroads^  Electric,  Contliiiions  Orer- 
he^d  System  of  Miitlve  Power  for 

A  variety  of  the  dependent  system  of  motive 
power  for  electric  railroads  in  which  a  con- 
tinuous bare  conductor  is  connected  with  the 
term  in  ads  of  a  generating  dynamo,  and  sup- 
ported overhead  by  suitable  means,  and  a 
travcUng^  wheel  or  trolley  is  moved  over  the 
same  by  the  moiioti  of  the  car,  in  order  to 
carry  off  the  cnrrent  from  the  line  to  the  car 
motor,  (See  Railroads^  Eltctric^  Depend- 
ent  System  of  Motive  Power  for.) 

Kaflroads,  Electric,  Continnoiis  Snrfaee 
Sjstem  of  Motive  Power  for  — —  ^  A 
variety  of  the  deixaident  system  of  motive 
power  for  electric  railroads,  in  which  the  ter* 
minals  of  the  generating  dynamo  are  con- 
nected to  the  continuous  bare  metal  He  con- 
ductor that  extends  along  the  entire  track  on 
the  surface  of  the  roadway  or  street,  and  from 
which  the  current  is  taken  off  by  means  of  a 
traveling  conductor  connected  with  the  mov- 
ing car.  (See  Railroads,  Khctric^  Continu- 
4tU5  Underground  System  of  Motive  Power 
for) 

Eailnwd^  Electric,  ContiBUooii  Uttder- 

^rcituid  Bystem  «f  Miitlve  Power  for 

A  variety  of  the  dependent  system  of  motive 
power  for  electric  railways,  in  which  a  con- 
tinuous  bare    conductor  is  placed    under- 


ground in  an  open  slotted  conduit^  and  the 
current  taken  off  from  the  same  by  means  of 
sliding  or  rolling  contacts  carried  on  the  mov* 
ing  car.  (See  Railroads,  Electric,  Depend* 
ent  System  of  Motive  Power  for  :^ 

Kallroads,  Electric,  Dependent  SfSftem 
of  Motive  Power  for  - — -  —  A  term  now 
generally  used  for  a  s)*stem  of  motive  power 
for  the  propulsion  of  electric  railway  cars,  in 
which  the  electric  current  is  taken  from  wires 
or  conductors  connected  with  electric  sources 
external  to  the  cars* 

A  dependent  system  of  motive  power  <br  dec- 
trie  railways  includes  three  distinct  variebei, 
namely  ; 

(I.)  The  Undergrcmnd  System. 

(2.)  The  Surface  System, 

(j.)  The  Overhead  System. 

In  all  of  these  systems  the  bare  conductor  coo* 
nected  with  the  terminalsof  a  gcneratiag  dynamo 
may  form  either  one  continuous  wire  or  it  can 
be  divided  into  separate  portions  or  sections* 

The  underground  system  embraces  two  distinct 
varieties  : 

I  <)t*  A  continuous  bare  conductor  placed  in  an 
open  slotted  conduit* 

2d.  A  sectional  bare  conductor  placed  in  an 
open  slotted  conduit* 

la  the  first  variety  of  the  underground  system, 
bare  conductors  are  placed  in  an  op«n  slotted 
conduit,  and  connected  i^ith  the  terminals  of  a 
dynamo. electric  machine  which  generates  the 
current  that  is  to  l>e  employed  for  the  propuliioo 
of  ihe  cars.  Traveling  contacts  placed  oa  Uie 
car  and  connected  with  an  electric  motor,  cury 
off  the  current  from  the  bare  cond actor  by  roiUiiif 
or  sliding  over  it. 

In  the  second  variety  of  tiie  underground  syt- 
tem^  a  section  of  a  bare  conductor,  or  bare  metal- 
lic points  that,  on  the  passage  of  Ihe  car  vtxnx 
them  are  automatically  connected  with  the  gen- 
crating  dynamo,  replace  the  continuous  mctalEc 
conductors  of  the  first  system. 

In  the  surface  sptem,  the  wires  or  cofiducton 
that  arc  connected  with  the  generating  dynamo, 
instead  of  being  placed  in  the  imder^gr^ond  open 
slotted  conduit,  are  placed  directly  on  the  surface 
of  the  street  or  roadbed  and  the  current  carried 
off  from  the  same  by  suitable  contacts  placed  c» 
the  car. 

In  most  cases,  however,  In  which  the  tmfice 
system  is  adopted,  the  conductors  th*t  are  con. 
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»  with  the  generating  d^rnamo  do  not  ex- 
oughout  the  entire  length  of  the  trmck, 

I' t  limited  to  sections  of  the  track  that  axe 
y  connected  with  the  generating  dynAoio* 
d  these  sjfitemt  arrangements  are 
i,  bf  which  the  cat*  as  it  passes  over  the 
I  automatically  connects  these  sections  with 
dynamo  while  passing  over  the 
Ekd  disconnecti  them  after  such  sections 
I  passed. 

}  overhead  system  cmbracei  tiivo  vaneties: 
I A  oontiuuoua  trolley  wire. 

,  divided  or  sectiou&l  trolley  wire, 
t  continuous  trolley  wire  system,  the  ciir- 
|tcn  off  from  the  continuous  wire  by 
Tm  trolley  wheel  that  moves  over  the 
Pwiie. 

I  a  syslwn  is  cspeciafly  suitahle  for  suburban 
\  or  small  towns.  In  such  a  system  the 
f  wire  is  connected  with  a  numlier  of  feeder 
bat  either  extend  from  the  generating  sta» 
|ke  entire  length  of  the  line,  and  are  con- 
t  with  such  line  at  suitable  points;  or,  sepa* 
fetlers  extend  from  the  station  to  points  on 
ie  where  they  are  tapped  into  tlie  trolley 

jbe  divided  or  sectional  trolley  wire  system 
lire  ia  divided  into  suitable  sections,  and 
k  extend  the  entire  length  of  the  line  and 
linected  to  the  central  fKJiats  of  each  sci:tion ; 
m  feeders  extend  the  entire  length  of  the 
pd  tap  into  both  ends  of  the  section. 
I  author  is  indebted  to  G.  W.  Mansfield  for 
pcipal  fiacta  contained  in  the  al>ove  descrip- 
pLtter* 

lilroAilfi,  Electric,  Dfrlded  Overhead 

|in  of  Moth©  Power  for A  sec- 

|[ overhead  system  of  motive  power  for 

;  nulroAds.     (Sec  Raiiroads,  EUciric^ 

f  Oiterkead  SysUm  &/  Motivt  Power 

^Irottds^   Electric,    Divided    Snrfaee 

L  af  Motive  Power  for \  sec- 

t  systena  of  motive  power  for  electric 
ka^  (See  Rmlrmdi,  Ehcfric,  Stc 
Wmfrface  System   0/  Motivt  Pmv*r 

hroftffH,    Electric,    flivided     rml*»r- 

kd  System  of  Motive  Poiver  for • 

ctional  system   of  motive  jKiwer  for 
Dads.     (Sec  Raitroads^  Electric, 


Sfctianml  Utidgrground  Sysitm  of  Mcirve 

Pouter  for.) 

Rallroftds,  Eleetrie,  BanUe-Trolle y  gyfk 

\^m  for  — —  ^A  system  of  electric  railroad 
propulsion,  in  which  a  double  trolley  is  em- 
ployed to  take  the  driving  current  from  two 
overhead  trolley  wires. 

The  doable  trolley  system  differs  from  the 
single  trolley  system  in  tliat  it  employs  n:»  earth 
returh.  The  parallel  wires  als3  avoid  Uie  effects 
of  injurious  induction  in  neighboring  telegraph 
or  telephone  wires.  (See  RailroadSf  Electric^ 
Di^J^^ndetU  System  of  Motive  Power  for.) 

Railroads,  Electric,  f  tidependeot  System 

of  Motive  Power  for A  term  for  tlve 

electric  propulsion  of  railway  cars  by  means 
of  primary  or  slorag'e  batteries  pbced  on  the 
car  and  directly  connected  with  the  motor. 

This  is  called  the  independent  system,  because, 
tin  like  the  dependent  syalcro,  the  energy  required 
for  the  propulsion  of  the  car  is  obtained  directly 
from  the  energy  of  the  electnc  source  placed  on 
the  car^  instead  of,  as  in  the  dependent  system, 
outside  of  the  car. 

Railroads,  Electric,  Sectional  Overhead 

System  ofMutiie  Power  for  ■ A  vaneiy 

of  the  dependent  sj^lcm  of  motive  power  for 
electric  railroads,  in  which  seclinns  of  bare 
conductors  are  supportt:d  overhead  on  poles 
placed  along  the  railrc»ad  track*  and  the  cur- 
rent taken  off  from  the  same  by  means  of 
traveling  conductors  such  as  the  trolley 
wheel,  which  is  moved  over  the  trolley  wire 
by  the  motion  of  the  car. 

Various  systems  are  employed  for  connecting 
the  different  sections  of  the  trolley  wire  by  means 
of  feeder  mires  with  the  generating  dynamo, 
(See  Rfiilroadiy  Etectrit^  Dependmi  Syiiem  0/ 
M^itft  P9W€rffir,) 

Rail  road  !ai^  Elect  He,  Sectional  Snrface 
System    of    Motive    Power    for— — ^  —  A 

variety  of  the  dependent  system  of  motive 
power  for  electnc  railroads  in  which  conduc- 
tors are  placed  on  the  roadbed  or  along  the 
track,  and  the  current  taken  off  from  the  same 
by  means  of  contacts  connected  with  the  mov- 
ing car,  and  so  arranged  as  to  automatically 
switch  in  such  bare  sections  on  the  passage 
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of  the  car  over  them,  and  to  switch  them  out 
as  the  car  leaves  them.  (Sec  Railroads, 
Electric,  Dep€ndent  System  of  M&tive  Fcm/er 
for,) 

Bjillroads,  Electric,  Sectional  Cndf^r* 
ground  System  of  Motive  Power  ft>r  -«— 

— A  variety  of  the  dependent  system  of 
motive  power  for  electric  railroads  in  which  a 
sectional  conductor  is  placed  underground  in 
a  slotted  conduit,  and  the  current  taken  from 
the  same  by  means  of  sliding:  or  rolUng  con- 
tacts connected  with  the  mo\ing  car,  (Sec 
Railroads t  Electric ^  Dependent  System  of 
Motive  Power  for.) 

Railroads^  Electric,  Section  Lino  of- — 
^Any  part  of  the  overhead  electric  conduc- 
tors insulated  from  other  parts  so  as  to  permit 
its  supply  of  electric  power  to  be  separately 
con  I  roiled. 

Railroads,  Electric,  Signal  Service  Sys- 
tem for — ^The  system  of  electric  signals 

used  on  railways  for  ascertaining  the  condition 
of  the  roads,  sending  instructions  to  engineers, 
and  conveying  inteUigence  generally  from 
stations  along  the  road  to  the  running  trains. 

Railroads,  Electric^  Sln^lc-Trollcy  Sjs- 

tem '—A   system    of    electric    railroad 

propulsion  in  which  a  single  trolley  is  cm- 
ployed  to  take  the  driving  current  from  a 
single  overhead  trolley  wire. 

The  earth,  or  a  conductor  placed  along  the 
track  on  the  roadbed,  acts  as  the  return.  (See 
Railraadi^  EhctYic,  Dependent  System  &f  Mo- 
tive Fffwerf&r.) 

Railroads,  PermlsMlve  Block  System  for 

—A  block  system  in  which  more  than 

one  train  is  permitted  under  given  conditions 
to  occupy  the  same  block  simultaneously. 
(See  Railroads,  Block  System  for,) 

Railway,  Electric -An  electric  rail- 
road,   (See  Railroad,  Electric) 

Range,  Molecular -The  distance  at 

which  the  molecules  of  matter  exert  a  sensi- 
ble attraction  for  one  another. 

This  distance  has  been  estimated  in  the  case  of 
sine  and  oxygen  as  equal  to  about  the  ten-mtU 
lioath  of  a  tmlUoietre. 


Ratctiet'Pendant  Argand^Electrte  Bnraer, 
— (Sec  Burner,  Argand^Eleclric^  Raickei'^ 

Pendant,) 

Ratcltet'Pendant  Electric  Bamer. — (1 
Burner,  Ratchet-Pendant,  EUctric:^ 

Ratchet-Pendant  Electric  CAndle  Bnmer* 
— (See  Burner^  Ratchet'Pendanl  Candle 
Electric) 

Ratio,   Telocity  ^^ A   ratio,    in  the 

nature  of  a  velocity,  that  exists  betw^een  the 
dimensions  of  the  electrostatic  and  the  dec^ 
tro-magnetic  units. 

This  ratio  will  be  understood  from  the  com* 

parison  of  the  following  units.  In  each  case  the 
numerator  gives  the  dimensions  in  the  electro- 
static  and  the  denominator  the  dimensiotis  in  ^ 
electro -magnetic  system : 

mH*T-i       t 


Quantity^ 


M^L* 


==^  =  V 


Here  the  value  of  the  ratio,  vix.,  the  //R 
divided  by  the  ////i*',  is  clearly  in  the  nature  i 

velocity,   for  V  : 


PotenthiL 


C^padty^ 


T     " 


T 

L 


1 


L-»  T«       T* 


Resistance^ 


L'l   T       T« 


V* 


L   T^       L« 

A  remarkable  similarity  exists  between  the 
value  of  the  velocity  expressed  in  C.  G.  S,  units, 
and  the  velocity  of  light,  which  is  of  great  signifi- 
cance in  the  ehctro^nm^netie  theory  of  lights  (Set 
lAght,  Max^veWs  Elect  r&^Magnetic  Theory  of) 

The  velocity  of  light  is  2.9992  x  toi«  cen 
timetrcs  per  second. 

The  velocity  ratio,  ▼,  is  S.9800  X  io**  centi 
metres  per  second* 

Rattler,  Ptish-Buttoit A  device 

connectfd  with  a  push  button  to  sho^  that 
the  bell  connected  at  a  distant  point,  in  the 
circuit  of  a  push  button,  rings  when  the  button 
is  pressed, 

Ray,  Actinic —A  ray  of  light  or  other 

form  of  radiant  energy*   that   possesses  the 


I 
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ot  efTecting  chemical  action.      (See 

}.f%  of  light,  and  even  some  of  those  in- 
to the  huxnan  eye,  are  actimc  to  some 
tar  chemical  substance  or  another. 
^  the  ether  waves  produce  the  effects  of 
I  light  or  of  chemical  decomposition  de. 
on  the  nature  a/  ihe  material  pn  which 
if,  Of  wctias  &n  the  character  of  ihe  waves 
yes, 

\  Electric  {Rata   torpedo) A 

i  of  f]sh  named  the  ray,  which,  like  the 
:  cel^   pos- 
the  power 
lucing  dec* 

electric  or- 

situated    at 

Lck    of    the 

luid  consists 

l^cds  of  poly- 
cellular 

I      supplied 

^  numerous 
fibres^      as 

in  Fig.  465. 

%skes.  Elec* 


af  Claris 

Ird  ToIUIe 
^(Sec  Cell 
\.  Stand- 
{Rayleigh's 

^f/Clark^S,)    Fig,  4tS'     tS*  Rai*  Ttrrped^, 

Itfoa. — In  electro-therapemics  mus- 
fcontxactions  following  the  closing  or 
|[  of  an  electric  circuit, 

Ulan  C4>11.— (See  Cot7,  Reactton.) 

Itlan  0f  Degeneration. —(Sec  Degen- 
L  Reaction  of.) 

klon  of  Exhaagtion.— (See  Exhaus- 

)gaction  of) 

klon  Principle  of  Hyn  a  mo-Elect  He 

les^^See    Machine,  Dynama-Elec* 

faction  Principle  of,) 

Man    Telephone, -(See     Tehphom, 


Reaction  Time.— (Sec  Time,  Reaction) 

Reaction     Wheel,    Elcetrie (See 

Wheel,  Reaction,  Electric) 

ReactionB,  Eatliodio  and  Anodic  Eleetro- 
Blagnostic The  reactions  which  oc- 
cur at  the  kathode  or  anode  of  an  electric 
source  placed  on  or  over  any  part  of  a  living 
body. 


Fig*  466.    K^^thadic  ami  AiMdic  H^actiatu. 

Fig.  466,  from  Dc  Watte ville's  *»  Medical  Elcc* 
tricity"  represents  what  he  assumes  takes  place  at 
the  points  of  entrance  and  exit  of  the  current  in  a 
nerve  submitted  to  the  action  of  the  anode  of  an 
electric  source.  Two  zones  are  formed,  an  anodic 
and  a  kathodic  zone;  the  virtual  anode  is  formed 
by  the  portion  of  the  skin  nearer  the  nerve,  and 
the  virtual  kathode  by  the  adjoining  muscles* 
There  are  thiis  formed  two  zones  of  influence-^ 
one  immediately  around  the  anode,  cal!ed  the 
polar  or  anodic  elcctrotonic  zone,  and  one  sur- 
rounding this  and  including  the  virtual  kathode, 
and  caHed  the  peripolar,  or  kathelcctrolonic  lone. 

Reading    Telescope.  —  (Sec     Telescope, 
Reading) 
Real  EfHetency  of  Storage  Battery. — 

(See  Efficiency^  Real,  of  Storage  Battery.) 
Real    Hall   Eflfect— (See   Effect,   Hall, 

Real) 

Recalescence.— The  property,  possessed 
by  incandescent  steel  when  cooling,  of 
again  becoming  incandesccnl  after  a  certain 
degree  of  cooling  has  been  reached. 

The  property  of  recalescence  was  first  pointed 
out  by  Barrett. 

A  steel  wire  heated  at  the  middle  or  near  one 
end  to  a  bright  red,  and  allowed  to  cool  in 
a  dim  light,  will  cool  until  a  low  red  heat  is 
reached,  when  it  will  be  observed  to  reh<^t  at 
some  point  in  the  originally  heated  portion.  This 
reheating  is  manifested  by  a  brighter  red  spot 
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which  moves  along  the  portion  originally  heated. 
Tim  reheating  k  called  retakscencc^  and  is  due 
to  latent  heat  {potential  energy),  which,  disap- 
pearing when  the  bar  was  heated,  again  becomes 
sensible  (kinetic  energy)  on  cooling. 

The  temperature  at  which  recalescence  takes 
place  is  sensibly  the  temperature  at  whtch  heated 
steel  regains  its  magnctizability, 

ReceiTed  Ciirreiit^(Sec  Current,  Re- 
ceived.) 

Bec^irer,  Gnunaplione ^The  re- 
ceiver employed  in  the  gramophone,  (See 
Gram4?pkorte,) 


Rec^iTer,  Graphepliane 


-The    re- 


ceiver employed  in  the   graphophonc.     (See 
Fhofugrapk,) 


Receiter,    Harmontc  - 


-A    receiver, 


employed  in  systems  of  harmonic  telegraphy, 
consisting^  of  an  electro-magnetic  reed,,  tuned 
to  vibrate  to  one  note  or  rate  only.  (See  Te* 
iegrapky,  Gray's  Harmonic  Multiple,) 

BecelTer  Magnet— (See  Magnet,  Receiv- 

Receiver,  PhoDogrraphie ^The  ap- 
paratus employed  in  a  telephone,  phono- 
graph, graphophone  or  gramophone  for  the 
reproduction  of  articulate  speech.  (See 
Pkonagrapk.) 

B6eelTer,Teleplionfc  — — -The  receiver 
employed  in  the  telephone.  (See  Tele- 
pkone.) 

Receptive  Device*  Electro  - —  —(See 
Device,  EUctro- Receptive,) 

Receptive   Device^  Magneto (See 

DevicCt  Magneto- Ret  eptivel) 


Reciprocal 


— ^The  reciprocal  of  any 
number  is  the  quotient  arising  from  dividing 
unity  by  that  number. 

ThuSi  for  exAinpk,  the  reciprocal  of  4,  is  4  or 
.250. 

The  conducting  power  of  any  circuit  is  equal 
to  the  reciprocal  of  its  resistance  ;  or,  in  other 
words,  the  conducting  power  is  inversely  propor* 
tional  to  the  resistance. 


The  following  table  contain*  the  recipftKal* 
of  the  numerals  up  to  100  : 

TABLE  OF  RECtPROCALS. 


Q 

Re< 

No. 

^*- 

No. 

Re- 

No. 

Re. 

No. 

lU* 

2 

dpr^ 

cipnO' 

dgifo- 

dpr^ 

cal. 

cal. 

c^ 

cai. 

cat 

% 

0.50PQ 

'i% 

0'<H55 

♦» 

0.0338 

6« 

o.ot6t 

ea 

0.<M«» 

3 

0.3313 

33 

o.o4i5 

43 

0,0333 

!3 

o.«59 

!3 

0    OCBft 

4' 

0. 1500 

34    0,0417 

44 

0.0337 

64    0.0156 

«4 

o.oita 
o.ovii 

5 

0.9000 

as 

0,0400 

45 

0,0373 

6s  '0  01 S4 

*$ 

6 

0,(667 

36 

0,0385 

46 

0.0317 

66 

0.0153 

&6 

O.Olt^r 

\ 

0,1499 

•7 

0.0370 

^l 

0.03|| 

o.cuoo 

% 

^>oi4» 

87 

o<  1350 

38 

00357 

4» 

0,0147 

«8 

0.01 14 

9 

O.lllt 

»9 

0'«>345 

49 

0.0304 

69 

o,o<45 

«9 

O.OIt* 

10 

O.IOOO' 

30 

0.03J3 

SO 

0.0300 

70 

0.0143 

90 

o.otit 

1 1 

0.0009 
0*0833 
O.C769 

3« 

0.0333 

51 

0,0196 

71 

0.0141 

9* 

0,Of(» 

13 

'3 

3» 

33 

0,0313 
0.0903 

S3 

o.oto? 
o.otd9 

73 

73 

0.0139 
0.0137 

9« 
91 

:::3 

14)0,0714 

34 

0.0394 
0  0366 

54 

o.oiSs 

74 

0,013;} 

9t 

o,oio6 

>5 

0.0667 

35 

SS 

0.01 831 

7S 

0,0133 

?l 

o.ocos 

t6 

0,0635 

36 

0,0378 

56 

o.oiTtj 

76    0.0133 

0.0104 

11 

0.058S 

37 

0,0370 

57 

0.0175 

77    0,0139 

% 

0,0103 

0.0556 

j8 

0.0363 

s3 

0.0173 

78 

o.oisB 

O.OflO» 

»9 

o.o5»6 

39 

"0.0956 

t 

0.0169 

^ 

0.0137 

n 

Qoioa 

■0 

0.0500 

40 

0 .0350 

0.0167 

Bo 

o.otss 

too 

o,oio» 

^ 

0,0476 

41 

00*44 

61 

0.0164 

Sc 

o,M>3 

^Ciark  ^  SMme.) 
Recoil  Circuit— (See  Circuit,  Recoil:) 
Recoitl,    Chronograph —A    record 

made  by  means  of  a  chronograph  for  the  pur- 
pose of  measuring  and  recording  small  inter- 
vals of  time.     (See  Chronograph^  Eltctrit.} 


Record,  Gmniophoiie 


-The  irr^fuiar 


indentations,  cuttings  or  tracings  made  by  a 
point  attached  to  the  diapKragTD  spokea 
against,  and  employed  in  connection  with  the 
receiving  diaphragm  for  the  neproductioQ  o€ 
articulate  speech. 

Record,  Graphofilione —The  reconi 

made  by  the  movement  of  the  diaphragm  oC^ 
the  graphophone.     (See  PJionograph,) 

RiH'orii,  Ptioiiographic The  record- 
produced  in  a  phonograph,  for  the  subse- 
quenl  reproduction  of  audible  articulate 
speech. 

Record,   TelepUonic The  record 

produced  by  the  diaphragm  of  a  recdfin^ 
telephone. 

Various  methods  have  been  proposed  (oft  dk^ 
taining  telephonic  recordsi  but  none  ol  theA 
have  yet  been  introduced  into  actu 
use. 


Recorder.  Ctiemieat  Bftiii*d  - 


-Anj 


paratus  for  recording  the  dots  and  dashes  if  J 
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a  Morse  telegraphic  dispatch,  on  a  sheet  of 
chemically  prepared  paper, 

A  fillet  of  paper  soaked  in  some  chemical  sub^ 
stmce,  such  as  ferro -cyanide  of  potassium^  is 
maved  at  a  uniform  rate  between  the  two  ter- 
minals of  the  line,  one  of  which  is  iron  tipped «  so 
that  on  the  passage  of  the  current,  a  blue  dot,  or  a 
dash,  will  be  made  on  the  paper  according  to  the 
length  of  time  the  current  is  passings 

In  order  to  insure  a  moist  condition  of  the  paper 
fillet,  some  deliquescent  salt,  like  anniionium 
nitrate,  is  generally  mixed  with  the  ferro>cyanide 
of  pota&sium. 


A  Bain  recorder  is  shown  in  Fig,  467.  A,  is 
drum  of  brass,  tinned  on  Ihe  outside.  The 
apcr  fillet  is  drawn  from  the  roll  and  kept 
[  against  the  cylinder  A,  by  a  small  wooden 
"^foUer  B.  The  needle,  which  is  a  metallic  point, 
is  placed  in  coonecttoo  with  one  end  of  the  line 
wire,  and  the  brass  drum  ts  connected  with  the 
other  end  through  the  earth.  Care  must  Ik;  ob- 
served to  connect  the  needle  point  with  the  posi- 
tive electrode,  as  otherwise  the  paper  will  not  be 
marked.     (See  EUctrofysis.) 

The  Bain  recorder  is  now  almost  entirely  re- 
plied   by   the  Morse  sounder.     (Sec  Sounder^ 

ll<»corder,  Morse hu  apparatus  for 

automatically  recording  the  dots  and  dashes 
of  a  Morse  telegraphic  dispatch,  on  a  Bllct  of 
paper  draxN'n  under  an  indenting  or  marking 
point  on  n  striking  lever,  connected  with  the 
arroalurr  of  an  electro-magnet. 

This  apparatus  is  sometimes  called  a  ^Ijrse 
register. 

The  Morae  recording  or  registering  apparattis 
ii  ihown  in  Fig.  468, 

The  paper  fillet  pasacs  between  a  pair  of  rollers 
r»  driven  by  the  ckxJtwork  W.  The  upper  roller 
is  prorulcd  with  a  groove,  so  that  the  movement 
of  the  stylus  at  the  bent  end  of  the  lever  L,  by  the 


dectro* magnet  M,  moving  its  armature  attached 
to  the  lever  L,  may  indent  or  emboss  the  paper 
fillet.  Wlien  no  current  is  passing,  ilic  armature 
of  the  magnet  and  the  lever  L,  are  drawn  back  by 
the  action  of  an  adjustable  spring  at  n. 


lOc 


Fig,  46 S.     M^rtt  Recorder ^ 

In  the  drawing,  the  ordinary  Mor^^e  sounder  is 
shown  on  the  right.  The  sounder  has  almost 
entirely  replaced  the  recording  apparatus. 

Eeeorder*  ^ipliaii  - — -  —An  apparatus 
for  reoording  in  ink  on  a  sheet  of  paper*  by 
means  of  a  fine  glass  siphon  supported  on  a 
tine  wu:^,  the  message  received   over  a  cable* 

One  end  of  the  siphon  dips  in  a  vessel  of  ink. 
The  record  is  received  on  a  fillet  of  paper  moved 
mechanically  under  the  siphon.  The  ink  is  dis. 
charged  from  the  siphon  by  electric  charges  im- 
parted to  the  ink  by  a  static  electric  machine. 


Fig.  46Q       Tfu  Si^kpm  RtC9rd*r, 

In  the  annexed  sketch  of  the  siphon  recorder, 
Fig.  469*  a  light  rectangular  coil  b  b,  of  very  fine 
wire,  is  suspended  by  a  thin  wire  t  f,  between  the 
poles  N,  S|  ol  a  powerful  compound  permanent 
magnet,  and  moving  on  the  vertical  axis  of  the 
supporting  wire  f  f,  and  adjustable  as  to  tension, 
at  h.     A  stationary  soft  iron  core  a,  is  magnctiied 

SIPHON    RECORDER 

Fif.  4  JO.    Retard &/  Si^ktm  Rtcarder, 

by  induction  and  strengthens  the  magnetic  field 
of  N,  S.     The  cable  current  is  received  by  the 


Rec] 


ui 


coil  b  b,  through  (he  suqx^ndtng  wire  f  f,  and  is 
tnpved  by  it  to  the  right  or  the  left^  according  to 
its  direction^  to  an  eiktent  that  depends  on  the 
current  strength. 

The  tine  glass  siphon  n,  which  dips  into  a 
reservoir  of  ink  at  m,  U  capable  of  movement  on 
a  vertical  axts  I,  and  is  moved  backwards  or  for- 
wards, in  one  direction  by  a  thread  k,  attached 


S     E    T   T    L     ED' 
f^ig^*  47 r*    Rtctnrd  t^ Sipkoi^  Rectrder, 
to  b,  and  in  the  opposite  direction  by  a  retractile 
spring  attached  to  an  arm  of  the  axit  L 

As  the  paper  is  moved  under  the  point  of  the 
siphon, an  Irregular  curved  line  i«  marketl  thereon. 

Two  records  as  actually  received  by  a  siphon 
recorder  are  shown  in  the  Figs.  470  and  471, 
Movements  upwards  correspond  to  the  dots,  and 
downwards  to  dashes. 

Heciifl<rAtIou  of  Alcohol,   Electric 

— (See  Alcohol,  Electric  Rectificaiion  of.) 

Recti  fled. — Turned  in  one  and  the  same 
direction. 

The  alternate  currenrs  ix  a  dynamo-electric 
machine  are  rectified  or  caused  to  ilow  in  one  and 
the  same  direction  by  means  of  a  commutalor. 

The  word  commuted,  generally  used  in  this 
connection,  would  appear  to  be  preferable  to  the 
word  rectified »     (Sec  Commutator.) 

Rectilinear  Co-onli  Dates,  Abscis§a  of 

^{Ste  Abscissa  of  Rectilinear  Coordinates) 

Rectilinear  Ctirrcnt,— (See  Current^ Rec- 
till  near,) 

Red  Heat— (See  Heat,  Red,) 

Red  Hot,— (See  Hoi,  Red.) 

Redncteiir  or  Resistance  for  Toltnieter, 
— A  coil  of  known  resistance  as  compared 
with  the  resistance  of  the  coils  of  a  voltmeter, 
and  connected  with  ihem  in  series  for  the 
purpose  of  increasing  the  range  of  the  instru- 
ment.    (See  Voltmeter.) 

Red  act  ear  or  Shnnt  for  Am  meter, — A 
shunt  cod  connected  in  multiple  with  the  coils 
of  an  ammeter  for  the  purpose  of  changing 
the  value  of  the  readings. 

The  ratio  of  the  resistance  of  the  reductcur  and 
the  ammeter  coila  is  known.  A  reducteur  in- 
creases the  range  of  current  measured  by  the  am- 
meter 
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retining  of  metals  by  the  application  of  elec- 
trolysis, 

Wlien  certain  precautions  are  taken,  ini 
thrown  down  from  their  solutions,  arc  obtiined 
a  chemically  pure  condition.  This  fact  is  utili2e4 
in  the  electrical  reBning  of  metals.  If,  for  exam* 
pie,  a  plate  of  impure  copper  ts  to  t>e  refint 
elect rolytically,  it  is  used  as  the  anode  of  a  coppec 
bath,  and  placed  opposite  a  thin  plate  of  pure  cop. 
per  forming  the  kathode.  The  passage  of  the 
current  gradually  dissolves  the  copper  from  the 
plate  at  the  anode,  and  deposits  it  in  a  chemically 
pure  condition  on  the  plate  at  the  kathode. 

Somewhat  similar  principle*  are  employed  C 
electrically  refining  other  metals. 

Reflet* — To  throw  oflF  from  a  surface,  a< 
cording  to  the  laws  of  reflection,  as  of  wavci| 
in  an  elastic  medium.     (Sec  Refledian^  Lawt 
^/) 

Reflecting, — Throwing  off  from  a  surfai 
according  to  the  laws  of  reflection.  (! 
Reflectiofi^  Laws  ef) 

Heflectlng     GalTanometen— (See     G^A' 

"vanometcr.  Reflecting.) 

Reflection.— The  throwing  back  of  a  body 
or  wave  from  a  surlace  at  an  angle  equal  to 
that  at  which  it  strikes  such  surface.  (See 
Reflection^  Laws  of,) 

Reflection,  Laws  of The  laws  gov 

eming  the  reflection  of  light 

(!.)  The  angle  of  reflection^  or  the  angle  in*1 
eluded  between  the  reflected  ray  and  the  perpca 
dicular  to  the  reflecting  surface  at  the  point  of 
incidence^  is  equal  to  the  angle  of  incidence^  or 
the  angle  included  between  the  striking  ray 
the  perpendicular  to  the  reflecting  surface  at  thi 
point  of  incidence. 

(2.)  The  plane  of  the  angle  of  inddenoe 
incides  with  the  plane  of  the  angle  of  rcflectioiL.^ 

Refl«H*tlon  of  Eleetro-Mairnette  Wa' 
—(See  Waves  t  Electro-Mag  net  ic^  ReJUeik 
of) 

Reflection  of  Indnftlon.— (See  imdme* 
Hon,  Reflection  of) 

Refleetor, — A  plane  or   curved 
capable  of  regularly  reflecting  light* 

Reflector,  Paral»otie  — ^  —A  nrflMor, 


\ 


Betj 


IRog. 


or  nurror,  the  reflecting  surface  of  which  Ts 
a  paraboloid,  or  such  a  surface  as  would  be 
obtained  by  the  revolution  of  a  parabola 
about  its  axis. 

A  p«x3ibolic  curve,  which  may  be  regarded  as 
a  sectioQ  of  a  parabola,  is  shown  m  Fig*  472. 
A  pumbola  has  the  foUowing  properties t  If  lines 
F  P,  F  P,  etc.,  be  drawn  from  ihe  point  F, 
called  the  focus,  to  any  point,  P»  P,  etc.,  in  the 
cunrc,  and  the  lines  Pp,  Pp,  Pp,  etc.,  be  then 
drawn  severally  parallel  to  the  axis,  V  M,  then 
■D  lOch  angles,  F  P  p,  F  P  p,  will  be  bisected  by 
Tertkals  to  tangents  at  the  point  P,  P,  and  P. 

Therefore,  if  a  light  be  placed  at  the  focus  of  a 
parabolic  reflector,  all  the  light  reflected  from  the 
vtiriacc  of  the  parabola  will  pass  ofT  aensibly  par- 
allel to  the  axis  V  M. 

In  Locpmoiive  If  cad  lights  t  a 
lamp  is  placed  at  the  focus  of 
a  parabolic  reflector,  and  the 
paialld  beam  so  obtained  is 
utilised  for  the  illumination  of 
the  track.  In  a  starch  Hghi  an  ^  \ 
dectric  arc  lamp  is  placed  at 
the  ibcus  of  a  parabolic  reflec- 
tor, or  at  the  focus  of  a  lens. 

A    parabolic    reflector     is 
used  for  search  lights,  some-  Fig,  47^,   p^rAboiic 
times  in  connection  with  an  Re/tf€ior. 

arc  lamp.  A  focusing  arc  lamp  must  be  used  for 
this  purpose,  so  as  to  maintain  the  voltaic  arc  at 
the  focus  of  the  parabolic  reflector,  notwithstand- 
ing the  unequal  consumption  of  the  positive  and 
negatiTe  carbons.     (See  Arc^  Voltau.) 

Bfifiract. — To  change  the  direction  of  waves 
in  any  elastic  medium  in  accordance  with 
the  laws  of  refraction.     (See  Rffraciion,) 

Reflw?ting.— Changing  the  direction  of 
vraves  in  an  elastic  medium  in  accordance 
with  the  laws  of  refraction. 

Befrmetion.— The  bending  of  a  ray  of 
sound,  light,  heat,  or  elect ro-magnelism  at 
the  surface  of  any  medium  whose  density 
differs  from  that  through  which  such  ray 
was  previously  passing. 

Rajs  of  sound,  light,  heat  or  electro-mag- 
oetism  are  transmitted  or  propagated  in  straight 
lines  as  long  as  the  density  of  the  homogeneous 
medinm  through  which  they  are  passing  under- 
goes so  change.     That  is,  as  long  as  the  medium 
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is  homogeneous  or  isotropic.  (See  Medium^  hc^ 
(ri^pif.)  As  the  rays  enter  the  surface  of  a 
medium  which  differs  \i\  density  from  that  through 
which  they  have  been  passing,  they  are  bent  or 
refracted  at  the  surface  of  such  a  medium. 

This  bending  takes  place  towards  a  perpen- 
dicular to  the  refracting  surface  at  the  point  of  in- 
cidence, when  the  medium  into  which  the  rays  are 
entering  is  of  greater  density  than  that  they  are 
leaving,  and  from  the  perpendicular  when  the 
mediom  they  are  entering  Is  of  less  density  than 
that  they  are  leaving. 

The  refraction  or  bending  of  the  ray  is  caused 
by  tlie  diflcrence  in  tlic  velocity  with  which  the 
waves  are  propagated  through  ihe  two  media. 

There  is  no  refraction  or  deviation  when  the 
two  rays  enter  the  new  medium  at  right  angle* 
to  its  surface,  or  when  there  is  no  angle  of  inci- 
dence. 

Be  reaction,  BouMe The  properly 

possessed  by  certain  substances  of  splitting 
up  a  ray  of  light  passed  through  them  into 
two  separate  rays,  and  thus  doubly  refracting 
the  ray. 

Certain  specimens  of  calc  spar  possess  the  prop- 
erty of  double  refraction.  Each  of  the  Iwo  rays 
into  which  the  original  ray  is  separated  is  polar« 
iied.  Such  cak  spar  is  called  doubly  refracting 
calc  spar. 

Refraction,  Double,  Electric The 

property  of  doubly  refracting"  light  acquired 
by  some  transparent  substances  while  in  an 
electrostatic  or  elect  ro-magnetic  field. 

Transient  or  momentary  powers  of  double 
refraction,  acqiiircd  by  a  transparent  sub- 
stance while  placed  in  an  electric  field. 

The  intensity  of  double  refraction  is  propor- 
tioned to  the  square  of  the  electric  force. 

The  action  of  an  electric  fifid  in  endowing  a 
substance  with  the  power  of  double  refraction 
while  kept  in  such  field,  is  due  to  the  strain  pro- 
duced by  the  electrostatic  stress  of  the  field. 

A  similar  transient  power  of  double  refraction 
is  acquired  by  many  bodies  when  subjected  to 
the  strain  produced  by  a  siuiple  mechanical 
stress. 

EeC^liInf  Action  of  Current (See  Ac- 

iian,  Ri/nshing,  of  Current.) 

Hcglon,  Extrfl-Polor A  term  ap- 
plied  in  electro-therapeutics  to  the  region 
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which  lies  outside  or  beyond  the  therapoiUc 
electrode. 

The  term  extra-polu-  regioQ  is  uted  iti  contra* 
distinctiaa  to  polar  rt^ioa .    (See  Kegion^  foiar.) 

Beg loa.  Polar A  term  applied  in 

clcctro-therapcutics  to  that  region  or  part  of 
the  body  which  lies  directly  below  the  thera- 
peutic electrode* 

Ecfiater,  BonMe-Fen  Tele^rapltlc 

— A  telegraphic  regbtt-r  provided  with  two 
sqiaxate  styluses  or  pens  for  recording  the 
tet^raphtc  message  on  a  fillet  of  paper.  (Sec 
Reghter^  Telegraphic*) 

Register,  Horse A  name  sometimes 

givea  to  a  Morse  recorder.  (See  Riconiir^ 
Morse,) 

Eef ister,  Tolegrapkic An  appa- 
ratus employed  at  the  receiving  end  of  a  tele- 
graphic liiie  for  the  purpose  of  obtaining  a 
permanent  record  of  the  telegraphic  dispatch. 

The  telegrapluc  register  consists  essentially  of 
means  whereby  a  filtet  or  tape  of  paper  is  drawn 
mechanically  under  a  pen  or  stylus  attached  tt> 
the  arraatiire  of  an  electro- magnet  and  moving 
therewith. 

The  pen  or  stylus  presses  against  the  paper 
whenever  the  armature  is  attracted  to  the  dec- 
tro^magnet,   and  is  held   there  while  the  cur- 


<ent  is  passing  through  the  coils  of  the  electro- 
magnet. By  these  means  the  dots  and  dashes  of 
the  telegraphic  alphabet  are  recorded  on  the 
paper  fillet  as  embossed  or  printed  dots  and 
dasheft.  The  Morse  register  is  an  apparattas  ol 
this  description.     {S>c^  Ji^carder^  M&rse,\ 

A  form  of  ink- writing  telegraphic  register  is 
thown  in  Fig,  473.    It  is  self  starting. 


Register,  Time,  for  lUtlraada A 

telegraphic  recording  apparatus  or  register 
desigried  to  record  all  telegraphic  inessages 
transmitted  over  a  line. 

The  record  ts  received  on  an  enilteas  btt&d  or 
fillet  of  paper.  It  is  useful  in  case  of  dilutes  as 
to  the  time  cerlatn  messages  were  scot  over  the 
line. 

Register,  Watclmiaii'a  Electric 

A  device  for  permanently  recording  the  time 
of  a  watchman  s  visit  to  each  of  the  dU- 
ferent  localities  he  is  required  to  visit  at  stated 
intervals. 

These  registers  are  of  a  variety  of  fanns*  They 
consist,  however,  in  genera^  of  a  drum  or  disc  ot 
paper  driven  by  clockwork,  on  which  a  muk  ts 
made  by  a  stylus  or  pencil,  operated  on  the  clos- 
ing of  a  circuit  by  the  preszsing  of  a  push  btttton 
or  the  pressing  of  a  key  by  the  watchman  af  each 
station » 

Ri*glsteriiig  Apparatus  Electric — 

{See  Apparatus,  Re^islfrif^^  EUdrii^ 

Registering   Eleetrometer. — (Sec    £&f- 

trometcr.  Registering,) 

Regulable,  Ao(oiiuiiic4illjr  ^—  — Capi- 

ble  of  being  automatically  regulated.  (Sec 
Regulation,  Automatic) 

Regulate,  Antomatlcally ^To  regu- 
late in  an  automatic  mannen  (See  Regula- 
tion, Automatic.) 

Regulation,  Automatic Regulation 

automatically  effecletL 

Regulation,  Automatic,  of  DjnAm^-Rlee- 

(rio  Machino Such  a  regulation  of  a 

dynamo-electric  machine  as  i^'ill  automati- 
cally presence  constant  either  the  current  or 
the  potential  difference. 

The  automadc  regnktioD  of  dynamo-dectrk 
machines  may  be  accomplished  in  the  Ibliowtof 
ways,  viz.: 

(t.)  Bjfa  Compoimd  Willing #/  tk^  A/kdUif. 

This  method  is  particularly  apphcaUte  ta  ooii' 
stant- potential  machines.  By  this  winding,  Ibe 
magnetizing  efrect  of  the  shtitkt  coils  is  mainfiabicd 
approximately  constant,  while  thatol  llwceriel 
coib  vanes  proportionally  to  the  load  on  die  mi* 
chine» 

The  series  coQs  are  sometimes  woontf  ^km  «> 
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'.  poles  of  the  niAchine,  and  the  slmnt  coils 

the  yoke  of  the  magnets.     Custooi,  how* 

ever,  varies  in  this  respect,  »nd  very  generally 

^c  slumt  coils  are  pliced  nearer  the  poles  than 

£  aeries  ooSk^    (See  Moikhu,  Dynamc  Electric^ 

,  (a.)  Sy  Ski/iims  ike  Ptfsiium  &/  the  C&lledin^ 

sJkes, 
In  the  Thomson- Houston  system  of  current 
guUtion,  the  current  is  kept  prsictically  con* 
stant  by  Uie  following  devices;  The  collecting 
brmhcs  are  fixed  lo  levers  moved  by  the  regula- 
tor magnet  R,  as  shown  in  Fig.  474,  the  arma- 
ture of  which  15  provided  with  an  opening  for  the 
entrance  of  the  paraboloidal  pole  piece  A.  A 
dash  pot  ts  provided  to  prevent  too  sudden  move- 
ment. 

When  the  current  is  normal,  the  coil  of  the 
fCguUtor  magnet  is  short-circuited  by  contact 
points  at  S  T,  Vfhich  act  as  a  shunt  of  very  low  re- 
si<itaiicc.  These  contact  points  are  operated  by 
the  solenoid  coils  of  the  controller^  traversed  by 
the  main  current.  The  cores  of  this  solenoid  ore 
suspended  by  a  spring.  When  the  current  be- 
comes  too  strong,  the  contact  point  is  opened^ 
and  the  current,  travcrsiug  the  cod  of  the  rcgu- 
!  lar  magnet  A»  attracts  lis  armature,  which  shifts 
I       the  coUectmg  brushes  into  a  position  in  which  a 

amalicr  current  is  taken  off. 
'  A  carbon  shunt»  r,  of  high  resistance,  is  pro* 

▼ided  to  lessen  the  spark  at  the  contact  points  S 
T,  which  occurs  on  opening  the  circuit 

^^V  Iq  operation  the  contact  points  are  continually 
^Hpening  and  closing,  thus  maintaining  a  practi- 
'       cally  constant  current  m  the  external  circuit. 

13)  By  the  Automatic  VariatiofV  of  a  Kisist' 
ante  shunting  the  fidd  magnets  of  the  machine, 
as  in  the  Brush  system. 

In  Fig.  475  the  variable  resistance  C,  forms  a 
part  of  the  shunt  circuit  around  the  field  mag- 
nets F  M»  This  resistance  is  formed  of  a  pile  of 
carbon  plates.  On  an  increase  of  the  current, 
nch,  (or  escample,  as  would  result  from  turning 
out  some  of  thi:  tamps,  the   electro  magnet  B, 
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placed  in  the  main  circuit,  attracts  its  armatui« 
A,  andf  compressmg  the  pile  of  carbon  plates  C, 
lowers  their  resistance,  thus  diverting  a  propor- 
tionally larger  portion  of  the  current  £eom  ths 
Held  magnet  coils  F  M,  and  maintaining  the  cur- 
rent practically  constant. 

In  some  machines  the  same  thing  is  done  by 
hand,  but  this  is  objectionable,  since  it  requires 
the  presence  of  an  attendant. 

(4.)  By  the  Infroduction  of  a  Variahie  Resist- 
ance into  the  shunt  circuit  of  the  machine,  as  ia 
the  Edison  and  other  systein& 
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Fig.  4  fS*     T^  Brush  Rtg^ator. 

This  resistance  may  be  adjusted  either  auto* 
matically  by  on  electro- magfnet  whose  coils  are 
in  an  independent  shunt  across  the  mains,  or  may 
be  operated  by  hand. 

In  Fig,  476,  the  variable  resistance  is  shown 
at  R,  the  lever  switch  being  in  this  case  operated 
by  hand  whenever  the  potential  rises  or  faEs  be- 
low the  proper  value. 
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The  machine  shown  is  thus  enabled  to  main- 
tain a  coHstiini potent iai on  the  leads  to  which  the 
lamps  L,  L,  L,  etc.,  areconnected  in  multiple  arc. 

(5.)  Dynanwmctrie  Gavermug,  In  which  a 
scries  dynamo  is  made  to  yield  ^  constant  cur- 
rent by  governing  the  steam  engine  that  drives 
itt  by  means  of  a  dynamometric  governor.  This 
governor  operates  by  maintaining  a  constant 
(orqne  or  turning  moment,  instead  of  by  means  ol 
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ttic  usual  centrifugal  govwnor  which  malntdna  a 
constant  speed. 

(6.)  EUctric  Governing-  of  the  Drizfing  Engifu^ 
in  which  the  governor  is  regulated  by  the  cur- 
rent itself  Instead  of  by  the  speed  of  rotation,  as 
usual. 

Bcgulafloti^  Hand Such  a  regula- 
tion of  a  dyniimo -electric  machine  as  will  pre- 
serve constant,  cither  the  current  or  the 
potential,  said   regulation  being  effected  by 

hand  as  distinguished  from  automatic  regu- 
lation. 

He{?ulator,  Autoniatlc  — A  device 

for  securing  automatic  regulation  as  dis- 
tinguished from  hand  regulation.  (See 
Regulation,  Hand.   RegidatioHt  Aufomafic) 

Regulator,    Hand    ^A  resistance 

box,  the  separate  coils  or  resistances  of  which 
can  be  readily  placed  in  or  removed  from  a 
circuit  by  means  of  a  hand-moved  switch. 

The  term  hand  regulator  is  used  as  distin. 
guished  from  automatic  regulator.  (Sec  Ragu- 
Uior^  AutamtatU,    ReguliUhn^  AiUama/ic) 

Refnlator  Magritet.— (See  Magnei,  Rfgu- 

iator:) 

Begiilaton  Itonophotal  Are-Light  

— A  term  sometimes  employed  for  an  electric 
arc  lamp  in  which  the  whole  current  passes 
through  the  arc-regulating  mechanism,  and 
which  is  usually  operated  singly  in  circuit 
with  a  dynamo. 

Begiilat^r,  Polyphotal  Arc-Lamp  — — 

A  regulator  for  an  arc  lamp  suitable  for 
maintaining  a  number  of  lamps  m  series  cir- 
cuit with  the  dynamo. 

Polyphotal  regulators  differ  from  monophotal 
regulators  in  that  thdr  regulating  electro  mag* 
nets  arc  energized  by  a  shunt  circuit  around  the 
electrodes  of  the  lamp^  while  in  monophotal  regu- 
lators such  electro -magnets  are  placed  in  the  di- 
rect circuit  The  terms  monophotal  and  poly- 
pbotal  arc  not  generally  used  in  America. 

RefallneElectro-Metallargleal  I>epo«dt 
—(See  Deposit t  Eiectra-Metaliurgicai,  Reg- 
uline^ 

EoJarenaUoii  of  Liiiidneao6noe.^See 
Luminescence,  Rejuveuathn  o/,) 


RelatiYe  CaHbrat]on.~(See  Cai&rm$ion, 

Relative,) 

Belnf. — An  electro-magnet,  employed  in 
systems  of  telegraphy,  provided  with  contact 
points  pbced  on  a  delicately  supported  arma- 
ture, the  movements  of  which  throw  a  battery, 
called  the  local  batter)',  into  or  out  of  the 
circuit  of  the  receiving  apparatus. 

A  relay  is  sometimes  called  a  rcoetving  magnet 


The  use  of  a  relay  permits  much  smaller  cur- 
rents to  be  used  than  could  otherwise  be  done, 
since  the  electric  Jmpuhcs»  on  reachmg  a  distant 
station,  are  required  to  do  no  other  work  than 
attracting  a  delicatdy  poised  movable  contact* 
and  thus,  by  throwing  a  local  battery  into  the 
circuit  of  the  receiving  apparatus^  to  cause  such 
local  battery  to  perform  the  worlt  of  register* 
ing.  Its  use  is  especially  required  in  the  Morse 
system  of  telegraphy  in  order  to  cattse  the  sotinder 
to  be  distinctly  heard. 

A  form  of  relay  that  is  much  used  b  shown  to 

Fig.  477- 

The  electro-magnet  M,  Is  wound  with  many 
turns  of  very  fine  wire.  In  the  form  used  by  the 
Western  Union  Telegraph  Company,  there  are 
about  8^500  turns,  having  resistance  of  150  ohms. 
A  screw  m,  is  provided  for  moving  the  electro- 
magnet M^  a  slight  distance  in  or  out,  for  the  pur- 
poses of  adjustment  A  semi-cylindrical  arma- 
ture A,  of  soft  iron»  is  attached  to  the  insulatol 
armature  lever  a,  the  tower  end  of  which  is  sap« 
ported  by  a  steel  arbor,  which  is  ptToted  between 
two  set  screws, 

A  retractile  spring  S\  regulable  at  %  ts  pro* 
vided  for  moving  the  armature  away  from  the 
electro- magnet.  There  are  four  binding  postSi 
two  of  which  are  placed  in  the  circuit  of  the 
electro<magnet,  and  two  in  that  ol  the  local  bat- 
tery. The  ends  of  the  Hne  wire  are  conneded 
with  the  (brmer,  and  the  reodvmg  inatnoDcnt 
placed  iL  the  circuit  of  the  latter.    A 


I 


I 


contict  is  placed  on  the  end  of  &  screw  supported 
at  F,  opposite  a  similar  contact,  near  the  end  a^ 
of  the  annatxire  lever.  The  contact  is  regulabLe 
by  means  of  a  screw  c. 

On  the  energizing  of  the  electro -magnet,  the 
attraction  of  its  arraature  closes  the  platinum 
contact,  and,  by  thus  completing  the  circuit  of  the 
local  battery.  caus«^  an  attraction  of  the  armature 
of  the  receiving  apparatus*  On  the  cessation  of 
the  current  in  the  main  line,  the  spring  S  ,  puils 
the  armature  away  from  the  magnet,  breaks  the 
circuit  of  the  local  battery,  and  thus  permits  a 
similar  spring  on  the  receiving  instrument  to  pull 
its  armature  away*  Thus  all  the  movemenia  of 
the  armature  of  the  relay  are  reproduced  with  in 
creased  intensity  by  the  armature  of  the  receiving 
instrument. 

The  connections  of  the  relay  to  the  local  bat^ 
tery  and  the  registering  apparatus,  will  be  better 
understood  from  an  inspection  of  Fig.  478.  which 
ffcpfesents  a  form  of  relay  much  used  in  Germany. 


The  retractile  spring  f,  is  regulated  by  the  up. 
and -down  movements  of  its  lower  support,  which 
ilides  in  the  vertical  pillar  S.  The  line  wire  is 
^own  at  m  m,  connected  at  one  end  to  earth  by 
m  ground  wire« 

The  registering  apparatus  R,  is  connected  in 
the  circuit  of  the  local  battery  L,  as  shown. 
The  contacts  are  made  by  the  end  B^  of  the  lever 
B  B',  attached  to  the  armatiire  A,  of  the  electro* 
magnet  M  M. 

Belay  Belt— (See  Bell,  Relay,  Electric.) 

Relay,  Box-8onnd]n§r  Telegraphic  

—A  relay  the  magnet  of  which  is  surrounded 
by  a  Tcsonaint  case  of  wood  for  the  purpose 
of  increasing  the  intensity  of  the  sotind  made 
by  the  armature  of  the  magnet, 

A  form  of  box -sounding  relay  is  shown  m  Fig. 
479- 


^V'  479      Bcx-Soundini  Rttay 

relay  contaming  two  differentially  wound  coils 
of  wire  on  its  magnet  cores. 

When  the  currents  which  pass  through  these 
two  coils  are  of  the  same  strength,  there  is  no 
moTcment  of  the  armature,  since  the  Helds  of  the 
two  coils  neutralize  each  other. 

The  differential  relay  is  used  in  the  differential 
method  of  duplex  and  quadruplcx  telegraphy. 
(See  TiUgraphy,  DupUx  Differential  Method  if. 
Telegraphy ^  Qaadruplex  Differential  Method  of.) 

Eetay  flfagnet— A  name  sometimes  given 
to  a  relay,     (See  Relay,) 

Eelay,  Microphone ^A  device  for 

automatically  repeating  a  telephonic  message 
over  another  wire* 


Fig  .480.    Microf'h&nt  Relay , 

A  form  of  microphone  relay  is  shown  in  Figs. 
4S0  and  4S1 , 

Several  minute  microphones  mounted  on  the 


/ 


diaphragm  of  the  telephone  whose  message  is  to 
l>c  repeated,  so  vary  the  resistance  of  a  local  bat* 
tery  included  in  thejr  circuit  as  to  automatically 
repeat  the  articulate  speech  received. 

The  microphones  may  ne  connected  cither  m 
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multiple  arc  or  in  series,  as  shown  respecti^y  to 
the  left  and  right  in  Fig.  480. 

Relay,  Poeket  Telef  raphic  ^ A  form 

of  telegraphic  relay  of  such  small  dimensions 
as  to  permit  it  to  be  readily  carried  in  the 
pocket. 

Relay,  Palarlzed  ^^  —A  telegraphic  re- 
lay provided  wth  a  permanently  magnetized 
armature  in  place  of  the  soft  iron  armature  of 
the  ordinar>^  instrument. 

In  the  form  of  polarised  relay  shown  in  Fig. 
482,  N  S,  i«i  a  iteel  maput^  whose  magnetism  is 
consequently  permanent^  with  its  north  and  south 
poles  at  N,  and  S,  respectively.  The  cores  of 
the  electro- magnet  m,  m',  are  of  soft  iron^  and, 
since  they  rest  on  the  north  pole  of  the  permanent 
steel  magnet,  the  poles,  brought  very  near  to- 
gether by  the  armatures  at  n^  n\  will  be  of  the 
same  polarity  as  N,  when  no  current  is  passing 
through  (he  coiis  m,  m' ;  but  when  such  current 
docs  piss,  &m  tff  these  poles  ^eeames  cf  ttnmger 
north  polarity,  while  the  other  changes  its  polar- 
ity  to  south. 

By  these  mean^  to-and  fro  movements  of  the 
armature  lever,  with  its  contact  point,  are  effected 
without  the  use  of  a  retractile  spring  ;  movement 
in  one  direction  occurring  on  the  dosing  of  the 
circmt  due  to  the  electro-magnctism  developed 


\iHstii  Rtlay. 


by  the  coiU  m,  m',  and  movement  in  the  opposite 
directioQ,  on  the  losing  of  this  magnetism  on 
breaking  the  circuit,  by  the  permanent  magnet- 
ism  of  the  steel  magnet  N  S. 

These  moircmcDts  are  imparted  to  the  soft  iron 
lever  c,  c%  pivoted  at  B,  and  passing  between  the 
closely  approached  soft  iron  poles  at  n^  n\  This 
lever  rests  at  the  end  c\  against  a  contact  point 


when  moved  in  one  direction »  and  agiiast  an  in- 
sulated point  when  moved  in  the  oppoiite  difw:- 
tion.  It  rests  against  the  insulated  point  when 
no  current  is  passing  through  the  coUs  m,  m\ 

if  the  armature  lever  were  placed  in  a  position 
exactly  midway  between  the  poles  n.  aad  o',  it 
would  not  move  at  ail,  being  equally  attracted  by 
each;  but  if  moved  a  little  nearer  one  pole  than 
the  other,  it  would  be  attracted  to,  and  rest 
again  st»  the  nearer  pole. 

When  alternating  currents  are  employed  on 
the  line,  the  lever  c,  c\  must  be  adjusted  as  neariy 
as  possible  in  the  middle  of  the  space  between  n 
and  n',  in  which  case  it  will  remain  on  the  side  to 
which  it  was  last  attracted^  mitil  a  current  in  the 
opposite  direction  moves  it  to  the  other  side. 


Fig   4SJ,    A  Drimiff/lht  P^tariud  Ke(a^. 

The  space  lietween  the  magnet  poles  n,  n\ 
and  the  contacts  of  the  armature  lever  at  D,  and 
D',  are  shown  in  detail  in  Fig.  483,  which  is  s 
plan  of  Fig.  482.  The  Ending  ppits  for  ll*e  lint- 
battery  are  shown  at  L  B,  t,  and  2,  and  tbo^r 
for  the  local  battery  at  A  and  B.  The  doited 
lines  show  the  connections. 

Since  the  polarized  relay  dispenses  with  the  rc^ 
tractile  spring,  it  is  far  more  sensitive  than  the 
ordinary  instrument.  Once  adjusted,  no  ftirlhcr 
regulation  is  required,  in  which  respect  it  difes 
very  decidedly  from  non-polarized  relays* 

There  are  other  forms  of  polanred  rdsjrs,  but 
the  atx»ve  will  suffice  to  illusctrmte  the  general 
principle  of  their  operation, 

Relay  Shunt,  SleAri*» (Sec  Skumi. 

Relay ^  Steam* s^ 

Reluctance,  Maf  ii«Ue A  term  ie» 

cently  proposed  in  place  of  magnetic  resist* 
ance  to  express  the  resistance  offered  by  1 


fmedmin  to  the  passage  through  its  mass  of 
lines  of  magnetic  force. 

The  icTin  rdactancc,  in  the  sense  of  resistance 
to  passage  of  lines  of  magnetic  force,   has  t>een 
proposed  in  place  of  resistance,  for  the  purpose 
of  carrying  out  the  conception  of  regarding  the 
flow  of  lines  of  force  in  a  magnetic  circuit  as 
beiog  due  to  a  magnetomotive  force,  and  being 
opposed  by  a  reluctance  of  the  substances  form- 
Dg  such  circuit  to  the  passage  of  such  lines. 
According  to  this  conceptioti, 
The  magnetic  6ux  =: 

The  magneto-motive  force 
The  reluctance. 


from 
^B  units. 


Relnetanoe,    Ma^netie,  Unit  of 

Such  a  magTTCtic  reluctance  in  a  closed  cir- 
cuit that  permits  unit  magnetic  flux  to 
traverse  it  under  the  action  of  unit  magneto- 
olive  force. 

In  present  practical  work  reluctances  vary 
from  100,000  to  100,000,000  of  the  practical 
units. 

Bel  nc  11  Til  J. — A  term  proposed  for  mag- 
reluctance,      (Sec    Reluctance,  Mag- 
Mttic.) 

This  term  is  not  generally  adopted. 

RemoTable  Key  Siritch.— (See  Switch, 
fabli  Key.) 

novniiait    uf    Secondary    Cell.— (Sec 
Vi7,  Sicandary  or  Storage,  Renovation  of.) 

RrnoTAtfon   of  Secundary    or   Storage 

W, — (See  Ceil,  Secondary  or  Storage, 
Renovation  o/,) 

Reofore.^ — A  rheophore.    (See  Rheophore^ 

Repeaters,  Tolegmphle Tele- 

phic  devices,  whereby  the  relay,  sounder 

or  registering  apparatus,  on  the  opening  and 

closing  of  another  circuit,  with  which   it  is 

itably  connected,   is  caused  to  repeat  the 

lignals  received. 

Repeaters  are  employed    to    establish  direct 

'mmunicatioa  between  very  distant  stations,  or 

connect  branch  lines  to  the  main  line. 

Fig.  484,  shows  Wood's  Button  Repeater.  This 

!ater  consists  simply  of  a  three-point  switch 

L,  capable  of  being  placed  on  the  points  i,  2  and 

3  ;  and  a  gmmd  stoitih  at  4.     The  circuits  are 

wTingcd  between  the   sounders  S,  S',    relays 


Fig.  4S4'     IVaotts  ButUn  Rtptaier. 


If  the  lever  I^  is  in  the  position  shown  in  the 
drawing,  the  lines  E  and  W,  form  independent 
circuits. 

If  the  ground  switch  4  is  closed,  and  the  lever 
L,  is  placed  on  2,  a,  the  eastern  line  repeats  into 
the  western.  If  the  lever  L,  is  placed  on  the 
plates  3,  3,  the  western  line  repeats  into  the 
eastern. 

This  repeater  is  non* automatic  and  can  be 
worked  in  but  one  direction  at  a  time  ;  moreover, 
it  requires  the  services  of  an  attendant. 

The  automatic  repeater  can  be  operated  in  both 
directions,  and  dispenses  with  the  constant  ser- 
vice of  an  attendant  at  the  repeating  station. 

In  sending  a  dispatch  through  a  repeater,  the 
dots  and  dashes  are  prolonged  so  as  to  give  the 
lever  of  the  repeating  instrument  time  in  which 
to  move  backwards  and  forwards. 
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^ir-  e^S-    t/fdk't  AuimMUte  Buttffn  Rt^attr> 

In  Hick*$  Automatic  Repeater,  shown  in  Fig. 
4S5,  the  switch  or  circuit  changer  is  automatic  io 
its  action. 

The  relay  magnets  are  shown  at  M,  M*,  the 
sounders  at  R  and  R* ;  f,  f ,  are  platinum  con- 
tacts operated  by  levers  I  and  \\  and  L  and  L*, 
arc  extra  toeeU  magmett^  that  act  on  armatures 
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placed  directlf  opposite  the  anoatures  of  the  relay 
magnets^ 

The  extra  local  magnet  L,  is  cut  out  of  the 
circuit  of  B\  the  extra  loeai  battery^  when  the 
main  circuit  is  broken,  and  the  armature  is  in 
contact  with  c.  As  soon  as  this  happens,  how- 
ever, the  spring  s,  drawing  away  the  armature, 
and  thus  opening  the  short-drcuit  of  no  resist- 
ance between  c  and  a,  establishes  a  circuit 
through  L,  On  a,  coming  in  contact  with  c,  the 
circuit  is  again  broken* 

The  tension  of  the  spring  s,  is  so  regulated  that 
a  very  rapid  vibration  of  a,  is  maintained  so  con- 
stantly, that  it  is  impossible  to  close  the  main  cir* 
cult  when  L,  is  not  cut  out.  The  armature  a, 
will  therefore  respond  to  very  weak  impulses  of 
the  relay  magnet 

On  breaking  the  western  main  circuit  N,  the 
lever  a,  vibrates  very  rapidly.  The  lever  1,  of  the 
sounder  K,  first  breaks  the  circuit  of  L,  and  after- 
wards that  of  the  eastern  main  circuit  E,  which 
panel  through  M.  Both  L'  and  M',  laeing 
broken^  a  slight  tension  of  s',  will  hold  a,  in 
place,  thus  avoiding  the  breaking  of  the  western 
main  circuit  through  the  closing  of  the  local  cir* 
cult  through  R.  On  the  closing  of  the  western 
circuit,  the  reverse  of  these  operations  occurs. 

The  author  has  taken  the  above  explanation 
mainly  &om  Pope*s  work  on  '♦Modem  Practice 
of  the  Electric  Telegraph/* 

Rep^atln^  Sonnden— {See  Sounder,  Rt- 
peating^ 

Repleiiis1i«r,— A  static  influence  machine 
de\ised   by  Sir  William 
Thomson    for   charging 
the    quadrants    of    his 
quadrant  electrometer. 

Two  brass  carriers  C 
and  D,  shown  in  Fig.  4S6, 
are  electrically  fixed  to  the 
end  of  the  vulcanite  rod 
E,  which  is  capable  of  ro- 
tation by  the  thumb  screw 
at  M,  in  the  direction 
^own  by  the  arrow.  Hol- 
low metal  half-cylinders, 
A  and  B,  act  as  inductors, 

a  strip  of  brass  fixed  around  Fig.  48 6-  Thf  Rt^ttn- 
the  edges  of  a  piece  of  vui-  *^^^ 

canitc  P,  connecting  the  metallic  springs  S,  and 
S',  as  shown* 

The  action  of  the  replenisher  is  readily  under- 


stood from  the  following  considerations,  as  sug- 
gested by  Ayrton  in  Ixls  '» Practical  Electricity  ** : 

A  and  B,  Fig»  487,  are  two  insulated  hollow 
metallic  vessels  having  a  small  difference  of  po- 
tential between  them,  A,  being  the  higher*  C* 
and  D,  are  two  small  uncharged  conductors  held 
by  insulating  strings.  If  C  and  D,  be  held  near 
A  and  B^  as  shown^  the  potential  of  C,  wiU,  by 
induction^  be  raised  somewhat  above  that  of  D, 
so  that  when  connected  by  a  conductor,  such  as 
the  metallic  wire  W,  a  small  quantity  of  positive 
electricity  will  Row  from  C,  to  D,  thus  leaving  D, 
positively,  and  C,  negatively  charged. 

If,  now,  C  and  D,  are  removed  from  W*  and 
placed  in  the  bottom  of  B  and  A,  as  shown  m 
Fig.  488,  the  difference  of  potential  between  A, 
and  B,  will  be  thereby  increased,  and  if  they  ire . 
then    withdrawn,  and  totally   discharged,   and 


Fig,  4S7,    Action  0/ HepltmUk^, 

again  placed  in  the  first  position  shown,  an  ad* 
ditional  charge  can  be  given  to  A  and  B.  and  this 
can  be  repeated  as  often  as  desired. 

In  the  replcnishcr,  A  and  B,  correspond  to  the 
vessels  A  and  B  ;  the  brass  carriers  C  and  D, 
to  the  balls  C  and  D,  and  the  spring  3  ^v  and  VL^ 


Fig.  4S9»    Aeiiom  ^RtpttmUktr. 

to  the  wire  W.    No  initial  charge  ti«ed  be  gtreD 
to  A  and  B,  since  they  are  invaiiably  found  lo 
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f)e  &I  a  suffidcQt  diflerence  of  potential  to  buMd 

up  the  charge. 

iK    B^plenUher,    Carriers     of ^The 

^ftnoving  conductors  of  a  replenisher  which 
^■carry  the  charges  and  thus  permit  of  an  ac- 
^Ktimulation    of    such    charges.       (See    Re- 

Repahlon,    Electric  —The  mutual 

driving  apart  or  tendency  to  mutually  drive 
apart  existing  between  two  similarly  charged 

•bodies,  or  the  mutual  driving  apart  of  similar 
feleclric  charges. 
Repulsion,  Electro- Dynamic --The 

mutual  repulsion  between  two  electric  circuits 
whose  currents  are  flowing  in  opposite  direc- 
tions, 

PaTaHel  carrents  flowing  in  opposite  directions 
repel  one  another,  because  their  lines  of  magnetic 
tarce  have  the  same  direction  in  adjoining  parts  of 
the  drcait.     (See  Dynamic ly  Eie^tra,) 

R^pulgioQ,  Electro-Magnetic The 

mutual  repulsion  produced  by  two  similar 
electro-magnetic  poles. 

BepalsioQ,    Electrostatic    — ^The 

mutual  repulsion  produced  by  two  similar 
elcclric  charges. 

Rcpiibron,  Mofirnetic The  mutual 

repulsion  exerted  between  two  similar  mag- 
netic poles. 

Repulsion,  Holecnlar  -^ —  —The  mutual 
repulsion  existing  between  molecules  arising 
from  their  kinetic  energy.  (See  Matter,  Ki^ 
netic  Theory  of.) 

Reddaal  Atmosphcre^(Sec  Atmosphere, 
J^esiduaL) 

Residual  Ciiarge.— (See  Charge,  Resid- 
uaL) 

Residual  Magnetism. — (See  Magnetism, 
ResiduaL) 

Resin.— A  general  term  applied  to  a  variety 
of  dried  juices  of  vegetable  origin. 

Resins  are,  in  general,  transparent,  inflamma* 
ble  solids,  soluble  in  alcohol,  and.  in  general, 
excellent  non-conductors  of  electricity.  Rosin  is 
one  of  the  varieties  of  resin. 

R€9inons  Electricity. —(See  Electricity, 
Resifwus,) 

Reglstance*— Something  placed  in  a  circuit 
for  the  purpose  of  opposing  the  passage  or 


flow  of  the  current  in  the  circuit  or  branches 
of  the  circuit  in  which  it  is  placed. 

The  electrical  resistance  of  a  conductor  is 
that  qyality  of  the  conductor  in  virtue  of 
which  there  is  a  fixed  numerical  ratio  be- 
tween the  potential  difference  of  the  two 
opposing  faces  of  a  cubic  unit  of  such  con- 
ducton  and  the  quantity  of  electricity  which 
traverses  cither  face  per  second,  assuming  a 
steady  flow  to  take  place  normal  to  these 
faces,  and  to  be  uniformly  distributed  over 
them,  such  flow  taking  place  solely  by  an  elec- 
tromotive force  outside  the  volume  considered. 

The  term  is  used  m  the  first  definition  in  the 
concrete  sense  of  something  intended  for  or  used 
as  a  resistance.  For  the  physical  definitions  and 
facts  see  Refistanc^t  Electric. 

Gases  offer  very  high  resistance  to  the  flow  of 
an  electric  current.  Their  non-conducting  power 
causes  the  increase  of  resistance  which  attends 
the  polarization  of  a  voltaic  cell,  (See  Ctll, 
P*b/taic,  Polaritaiion  of,) 

Resistances  consist  of  coils,  strips,  bars  or 
spirals  of  metal,  or  plates  of  carbon,  or  metallic 
powders^  powdered  or  granulated  carbon,  or 
liquids. 

Resdstance^  Alisolute  Unit  ^t The 

one  thousand   millionth   of  an  ohm.     (See 
Ohm,     Units,  PraciicaL) 
Rogistance,   Assy miuetr leal Con-^ 

ductars  or  parts  of  conductors,  which  offer  a 
greater  resistance  to  the  flow  of  an  electric 
current  in  one  direction  than  in  another. 

Assymmetrical  conductors  arc  unknown,  so  far 
as  structural  peculiarities  arc  concerned,  but  can 
be  obtained  by  the  use  of  counter  eJectromodve 
forces,  acting  as  resistance.  This  term  was  pro- 
posed by  Wilke  in  discussing  the  obtaining  of 
continuous  currents  by  cotnmutatorless  dynamo- 
electric  machines. 

The  resistance  of  the  human  body  is  possibly  an 
assymmetrical  resistance. 

An  evident  application  of  an  assymmetrical  re- 
sistance is  to  direct  alternating  currents  so  as  to 
cause  the  current  that  passes  to  flow  in  and  to  the 
same  direction. 

Regisiance,  Balanced A  resistance 

so  placed  in  a  circuit  as  to  be  balanced  or 
made  equal  to  another  resistance  connected 
therewith. 
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Reslstanei).  Balnnced.  'or  Dynmnos 

— A  resistance  that  possesses  a  range  suf- 
ficient to  balance  one  dynamo  against  another 
with  which  it  is  desired  to  run  in  parailet 
*-(  Urquhart^ 

RoBtfttanee  Box.— (Sw  B^  Reiisiana^ 

Reslgtanto  Bridge.— {See  Bridge,  Rtsut* 
ance) 

Reststiiiice  CoiL— (See  CoiK  Resistance.\ 

ResJdatice  Coll,  Stanilaril  ——  — (Se« 
Coi7,  Resistance^  Standard.) 

Resistaiice,  Coudttctiflty The  re- 
sistance olTered  by  a  substance  to  electric 
conduction,  or  to  the  passage  of  electricity 
through  its  mass. 

Resifitance,  Hielet'trlc  — *  —A  term 
sometimes  employed  for  the  lesistance  ot  a 
dielectric  to  mechanical  strains  produced  by 
electrification. 

The  dielectric  resistance  of  the  glass,  or  other 
dielectric  of  a  Leyden  jar  or  condenser,  is  fre 
quently  overcome  by  the  passage  o(  the  charges 
on  the  conducting  surfaces,  and  the  glass  is  thus 
pierced. 

The  term  dielectric  resistance  would  appear 
to  be  badly  chosen;  for,  like  all  subtunccs,  diclec- 
tries  possess  a  tnie  ohmic  resistance,  which  in 
creases  with  the  increase  of  length,  and  decreases 
with  the  increase  of  area  of  cross-section. 

The  resistance  of  the  dielectric,  however,  differs 
from  Ihe  ordinary  ohmic  resistance  of  conductors, 
in  that  the  resistance  of  the  dielectric  is  suddenly 
overcome,  and  the  discharge  passes  disruptively 
M  A  fpark. 

R«alBtaiice,  Effect  of  Heat  on  Eleetrie 
'  ■  — Nearly  all  metallic  conductors  have 
thetr  electric  resistance  increased  by  an  in- 
crease of  temperature. 

The  carbon  conductor  ol  an  incandescent  elec- 
tric lamp,  on  the  contrary,  has  its  resistance 
decreased  when  raised  to  electric  incandescence. 
The  decrease  amounts  to  about  three-eighths  of  its 
resistance  when  cold. 

The  effects  of  heat  on  electric  resistance  may  be 
summarized  as  follows: 

(t.)  The  electric  resistance  ot  metallic  coadoc. 
tors  increases  as  the  temperature  rises;  In  lome 
alloyi  this  increase  is  small. 

(3.)  The  electric  resistance  of  electrolytes  de- 
creases as  the  temperature  rises^ 


(3.)  The  electric  resistance  of  dielectrics  and 
non-conductors  decreases  as  the  temperature  r 


RESISTANCE  AVD   CONDUCTIVITY   OF    VXTSLt 
COPPER  AT  DIFFERENT  TEMP£RATtJR£S 
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Rosistaiico,  Electric  — 
tween  the  electromotive  force  of 


—{Lattmer  Ciirrk.) 

The  ratio  be- 

a  circuit 


aad  the  current  that  passes  therein. 
The  reciprocal  of  electrical  conductivity. 
Resistance  can  be  defined  as  the  reciprocal  ol 
electrical    conductivity    because   even    the   best 
electrical  conductors  possess  appreciable  raist- 
anoc. 

Ordinarily  the  resistance  of  a  ctrctdt  mmy  be 
conveniently  regarded  as  that  which  *fp^ei  or 
rtsists  the  passage  of  the  current  Strictly  tpcaJt- 
ing.  however,  this  b  not  true,  sioee  trom  Okmti 
iaio  (See  tavt  cf  Ohm,  or  Law  ^  Cmrrmt 
S/rgf^tJk) 

E 
C  ^  — ,  from  which  wc  obtain 
R 
E 
R  ^  ^,  which  shows  thai  lesistance  is  a 
C 

ratio  between  the  electromotive  force  that  causes 
the  current  and  the  current  so  pnxluced. 

Resistance  may  be  exprened  as    a  Telocity* 
The   dimensions  of  resLstanoe  m  terma  oi  the 
electro-magnetic  units  are 
L 


I 
I 


(See  iMiit,  £k€im(f'Ar0g>trH€.)    Bui  tbeae  ire  die 

dimensions  ol  a  velocity^  which  is  the  ratio  of  Cbe 
distance  passed  over  in  unit  time  Pfiiiliuf  1  inry 
tfaereiore  be  exprcsMd  m  1  veloci^* 
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The  resistaiice  kaown  as  *  oeie  ohm  *  is  in. 
tended  to  be  lo^  absolute  electro-magnetic  units^ 
and,  therefore,  is  represented  by  a  velocity  of  io<> 
centimetre*  or  to,ooo,ooo  metres  (one  earth  quad- 
rant) per flccood. * ^^{Syivanus  Tkam/satt, ) 

Roifltiace  may  be  represented  by  a  velocity, 
09JC  ohm  being  the  resistance  of  a  wire,  which^ 
if  moved  through  a  unit  6dd  of  force  at  the  rate 
of  i«ooo,ooOtOOD  (10*)  centimetres  per  second  will 
have  a  current  of  one  ampt^re  generated  in  it, 
{iiec /^ffisiancf,  OAmic,     Eesistmut^  Spurious.^ 

The  tru€  value  of  the  ohm  is  exactly  lo*  centi* 
netres.  The  material  standards  employed,  i.e., 
the  B*  A.  and  ^*  legal "  ohms,  are  not  absolutely 
ot  thn  value. 

One  mil-foot  of  lolt  copper  at  10.22  degrees  C. 
or  50.4  degrees  F.  has  the  standard  resistance  of 
exactly  10 legal  ohms;  at  15.56  or  59.9  degrees 
P.,  It  has  a  resistance  of  10,20  legal  ohms,  and 
at  23.9  degrees  C*  or  75  degrees  F.,  10.53  legal 
ohms. 

RESISTANCE. 

RaistAma  ^  Wirti  p/  Part  Amntaled  C^f€r  at  o*  C 

{Density  ^  S*g.) 
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The  following  table,  based  on  Matthiessen's 
measurements,  gives  the  relative  resistances  of 
equal  lengths  and  crosS'Sections  of  a  numt>er  of 
different  substances  used  in  electricity  as  com* 
parcd  with  silver. 

LEGAL  MICROHMSL 


NAMitt  OF  Mktal. 

Retistance  lo  Microhms 

Relative 

C«Hc 

Coitiaictre. 

Cubic  Inch. 

Reaiu^ace* 

Silver,  aan^ed,.. 
C^^ipper,  annealad. 
Silver,  hard  draura 
Cuptxt.  h'rddr'wD 
Gold.aiuiealed..,, 
Gold,  Kaitl  drawn. 
Aluminiiun,  atin'Id 
Zmc,  preia«d..>^.. 
Platinum,  annealed 
lron>  annealed.,,. 
Nickel,  annealed. , 

Tin.  praawd 

Li- ad.  preaed 

German  siker..... 
Antimony,  pre»aed 

Mercttrf 

Bismuth,  presed. . 

<  5^ 
1.634 
1.634 
•  .058 
».094 

\n 

9.057 
9.7x6 
ia.47 

»3-^i 

19,63 
ao,93 
35-50 
943* 
131   a 

0.6393 
0-6433 
0  643  J 

0>8lO3 

0.8247 

I.Mr 
a. 2*5 

3.565 
3«'5 
4907 
5.aoa 

7.r>8 

37^  »S 

51.65 

1.0S6 
1.369 

>-393 
«'955 

6.o»» 
6.460 
8.28$ 
8.784 

n-os 

33.60 

1      6,.73 

87'*3 

^Haspitalier,) 


— {Ayrto»») 

The  above  resistances  are  for  chemically  pyre 
substances  only.  Sligb 1 1 mp urj ties  prod uce  a  very 
considerable  increase  in  the  resistance. 

Resistance,  Eleetrfc,  of  liqnlds  — -  -« 

The  resistance  offered  by  a  liquid  mass  to 
the  passage  of  an  cleo      +_ 
trie  current 

As  a  rule  the  electric  re- 
sistances of  liquids,  with 
the  single  exception  of  tner- 
cury,  are  enormously  high- 
er than  those  of  metallic 
bodies. 

To  rougMy  determine 
the  resistance  of  a  liquid, 
a  section  is  taken  between 
two  parallel  metallic  plates 
A  and  B,  Fig.  489,  placed 
as  shown  in  the  figure,  and 
an  electric  current  is  pass* 
cd  between  them. 

In  order  to   accurately 
vary  the  siie  of  the  plates  ^'  4^9^    l^ttsiamce^ 
immersed  in  the  liquid,  and  tipdd, 

hence  the  area  of  cross-section  of  the  liquid  con. 
ductor,  as  well  as  the  distance  between  the  plates, 
the  apparatus  shown  in  Fig.  490  may  be  used,  in 


i 


o.o6s 


Apparaimt  for   Mtasmring   Rttittamc^   ^ 

Liquid. 


EcfilBt&nee,  External  Sec«ndarj 


term  proposed  by  Du  Bois  Reymond  for  the 
change  in  the  resistance  of  a  circuit  external  to 
the  electric  source  when  cataphoric  action 
takes  place.    (See  Action,  Cataphoric^ 

**  If  the  copper  electrodes  of  a  constant  battery 
t>e  placed  in  a  vessel  filled  with  a  solution  of 
oipric  solphate  and  from  each  electrode  there 
projects  a  cushion  saturated  with  this  iuid,  then, 


on  placing  a  piece  of  muscle,  cartilage,  vegetahle 
ti^sue^  or  even  a  prismatic  strip  of  coagulated 
albumen  across  these  cushions,  we  observe,  that 
very  soon  alter  the  circuit  is  dosed,  there  is  a 
considerable  variation  of  the  current.  • 
This  phenomenon  is  called  *  external  secondary 
resistance.'  ^' — {Landais  Oful  S/^/ing,) 

Resifltanc6i  Extraordinary A  term 

sometimes  employed  instead  of  external  re- 
sistance, (See  ResistaHce,  External  Stcom' 
dary.) 

Resistance,  False A  resistance  aris- 
ing from  a  counter  electromotive  force  and 
not  directly  from  the  dimensions  of  the  circuit, 
or  from  its  specific  resistance. 

The  ialsc  resistance  of  any  circuit  is  sometimes 
called  its  spurious  resistance.  (See  Ferce^  £Uctr&* 
motive.  Counter^     Resistance^  Spurious J\ 

Reslstaaee,  Indnctlonless ^A  loro 

sometimes  used  instead  of  non-inductive  re» 
sistance.     (See  Resistances  Non^Inductiz^,) 

Resistance,  Indactlre A  resistance 

which  possesses  self-induction. 

Resistance,  Insnlatton The  re- 
sistance of  a  line  or  conductor  existing  be- 
tween the  line  or  conductor  and  the  earth 
through  the  msulators»  or  between  the  two 


Jk^] 
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wires  of   a    cable    dirough    the   tnsulating^ 
iBaterial  separating  them. 

The  insuktion  rcsistaocc  of  a  telcgnaph  line  is 
the  resistance  that  exists  between  the  line  and  the 
earth,  through  its  insulators.  The  insulation  re- 
sistance will  decrease  as  the  length  of  line  in 
creases,  since  for  any  increase  in  the  number  of 
poles  and  insulators  there  is  a  proportional  in- 
crease  in  the  area  of  cross-scction  of  the  msula- 
dng  supports* 

If  the  insulation  resistance  is  1 ,000,000  ohms 
per  mile,  in  a  line  soo  miles  m  length,  the  insula- 
tion resistance  is  only  5,ocx>  ohms,  that  is, 
1,000,000 


200 


=  5,000  ohms. 


^ 


Restfltance,  Joint  of  Parallel  CltTitlts 

The   joint  resistance  of  tw'O  parallel 

circuils  is  determined  by  means  oi  the  follow- 
ing formula  . 

r  4-  T 
Where  R  ^  the  joint  resistance  of  any  two  dr^ 
cujts  whose  sqjaratc  resistances  are  respectively 
r  and  r^ 

When  there  are  three  resistances  r,  r*  and  r*, 
b  parallel,  the  joint  resistance, 


R  = 


rr   r- 


rr   +rr-+r'r- 
(See  Ciritdts^  Varitties  of^  \ 

Resistanee,  Magnetic The  recipro* 

cal  of  magnetic  permeability  or  conducti- 
bility  for  lines  of  magnetic  force. 

Resistance  offered  by  a  medium  to  the 
passage  of  the  lines  of  magnetic  force  through 

it. 

The  magnetic  resistance  of  the  circuit  of  the 
lines  of  force  is  reduced  by  forming  the  circuit  of 
a  medium  having  a  high  magnetic  permeability, 
mch  as  soft  iron.  '  This  is  accomplished  by  the 
armature  or  keeper  of  a  magnet,  or  by  the  iron  in 
an  iron-clad  magnet,    (See  Magnet ^  IrtrnXiad.) 

Besistaiioe,     Measnrement    of  - 
Methods  employed  for  determining  the  re- 
sistance of  any  circuit  or  part  of  a  circuit, 

Kumcrous  methods  are  employed  for  this  pur- 
pcte*    Among  these  are  : 

(l * )  Th*  use  9/ a  resisiame  ^x  with  a  Wk^ai* 
tt<m£  kridgt^  \/f  opposing  or  balancing  the  un- 
known resistance  against  a  known  reststaoce, 
tSaiame^  iVJkeaistotu' s  Miecirit,"^ 


(2.)  The  diff^£nHtd galvanomHtr,  (See  G^U^ 
vemcnuter^  Differcntimi^ 

(3*)  The  method  of  substitution, 

(4.)  Comparison  of  tht  dtfltctiims  of  a  gal' 
vatiomHer, 

Mitk&d  of  Suhstituticn.^K  t-esistance-box  R, 
Fig.  491,  galvanometer  G,  and  the  resistance  x^ 
that  is  to  be  measuredi  are  placed  in  the  direct 
circuit  of  the  battery  B»  by  means  of  conductors 
of  such  thick  wire  that  their  resistance  can  be 
neglected. 

The  deflection  of  the  galvanometer  is  first 
measured  with  x,  in  circuit,  and  no  resistance  m 
the  box  R.  The  resistance  x,  is  then  cut  out  of 
the  circuit  by  placing  a  thick  copper  wire  across 
the  terminals  of  the  mercury  cups  at  m  m\  and 
resistances  unplugged  in  R,  until  the  same  deflec- 
tion is  obtained.  Then,  if  th^  electromotive  force 
of  tJie  battery  has  remained  eons t ant,  the  resist- 
ances unplugged  equal  tbe  unknown  resistance. 

For  full  description  of  the  various  metliods  of 

determining  resistance  the  reader  is  referred  to 

"^  AyrtoH's    Practicai   Electricity/'*     "^^  Kempe'^s 

Handbook  of  Teslmg/'  or  other  standard  books 

on  decthcal  measurements. 
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Fig  49  i     StthstiiMiiom  Mwiksi. 

When  several  resistances  are  placed  in  scries  in 
any  circuit,  by  measunag  the  difference  of  poten- 
tial at  their  terminals,  their  values  can  be  deter- 
mined by  simpte  calculation,  being  directly  pro- 
portional to  these  differences  of  potential. 

This  method  is  especially  applicable  to  the 
measurement  of  such  low  resistances  as  the  arma- 
tures of  dynamo-electnc  machines. 


I 


—         Eesisianeo,  Noii-Iniluctlve  * 
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sislance  m  which  self-induction  is  practically 
absent. 

An  incandescent  lamp  61amBit  is  practically  a 
non-inductive  resistance  when  compared  with  a 
coil  on  the  helix  of  an  electro^magnet* 

Re«if  fiance  of  Ham  an  Body.— <Scc  Bt^y, 
Human,  Resisiatue  of,} 


Reslfltiuic©   ©f  Voltaic   Arc^See  Arc,  BeslsUnoe,  Specific,  of  Uqnids 

Voltaic,  Ecsisiaace  &/.)  The  resistance  of  a  given  Iragth  (one  oenti- 

Bcslstattce,  Ohmic The  true  r«^lst-  '"^»«)  =^»*»  "*=^  "'  crass-«ci.on  («ie«pme 

ancc  of  a  conductor  due  to  its  dimensions  ^^ntimctre)  of  any  Ikju«1  as  compared  wrtJ. 

J           .-            ,     ^.                          J.  .-  the  resistance  of  an  equal  length  aDacro«» 

and    specific  condacting  power,  as   distm-  s            -i 

guished  from  the  spurious  resistance  produced  ^'^^»^''  ^*  P"^  ^^*^^^- 

by  a  cou  nte  r  electromotive  force .     ( See  Farce,  The  resistance  of  a  few  cotnmoii  liqaidi  sod  so 

Electromotive,  Counter,    Resistance^  Spuri*  lutbua  is  here  given  from  Lupton; 

^^')  Water,  pure,  at  75  degrees  C. . t.tSS  X  tO* otai^ 

The  terni  ohmic  resistance  must  be  regarded  as  ,\  ^,^  ii8,8oOiOOO* 

a  pleonasm.     Its  use  can  only  be  permitted  in  Water  at  4  degrees  C  ., , 9^100X10*    *• 

contradistinction  to  counter  electromotive  force  Water  at  it  degrees  C.# 3.400  X  lOi*    • 

resistance.    True  and  iparious  resistance  woutd  Dilute  hydrogen  sulphate  (sul- 

•ecm  preferable;  phuric  acid)  at  18  degrees 

Eesistance  or  Cell.  Scleuiam A  ^^  5  per  <:«»**  »ad 4-8S 

mass  of  crystalUne  selenium,  the  resistance  of  ^^^^""^  ^^^^""^  ^   ^JenL 

which  is  reduced  by  placing  it  in  the  form  of  \a                -t  3  P^ 

narrow  strips  between  the  edges  of  broad  ^^^^  add'iris'deg^'c, 

conducting  plates  of  brass.  density  1,32 .,, ,  i.6i      « 

The  sdciiiuoi  employed  for  this  purpose  H  the  Saturated  solution  of  copper 

vitreous  vjuriety  which  has  been  fused  and  main*  sulphate  (blue  vitriol)  at  10 

tained  for  several  hours  at  about  220  degrees  C,  degrees  C. 29.30     •* 

by  means  of  which  its  resistance  is  reduced.  Saturated  solution  of  rtnc  sul- 

By  exposure  to  sunlight,   the  resistance  of  a  phale  at  14 degrees  C. ..,  .21*50     •• 

selenium  cell  is  decreased  fully  one-half  its  re*  Hydrochloric  acid,  20  per  cent. 

sislance  in  the  dark.     The  selenium  cdl  is  used  acid,  at  18  degrees  C 1*34      •* 

in  the  photophone,    (See  P^wtophond.)  Sal  ammoniac,  25  percent,  salt  2.53      *• 

Resistance  or  Reductenr  for  Toltiiieter.  C^j^'^«"  ^f^  saturated,  at  13 

—(See  Reducteur  or  Resistance  for  Volt-         degrees  C ,,.  5.30     •• 

mct^r,)  ^^  ^*^  ^^  observed  that  Ihe  resiitance  TaHei 

Ri^sistunce,    Secondary    _  ^A  term  comiderably  with  differences  of  temperature 

sometimes  used  in  place  of  external  secon-  Resistanee,  Spurtoas A  CaLse  to- 

fiary  resistance.    (Sec  Resistance^  External  sistance  arising  from  the  development  of  a 

Secondarjr.)  counter  electromotive  force;.      (See  Resist* 

Resistance    Slide,— {Sec    Slide,   Resist*  ^«^^-  ^^^'-    ^^^^  Electromotive^  Comm* 

ancc:^  ^^^J 

H«8lsta]icf<,  Specific —The  particular  The  spunons  resistance  is  also  called  the  lalsr 

resistance  which  a  subsUncc  offers  to    the  resistance,  in  order  to  distinguish  it  from  thetnic 

passage  of  electricity  through  it.  <>«"  ^^^i*^  rewstaocc    (Sec  ResiHamu^  Eleetrit,) 

In  absolute  measure,  the  resistance  In  ab-  Eeslstance,  Standard A  resistaatt 

solute  units  between  the  opposite  faces  of  a  ^^^d  for  comparison  with  or  the  detemuaap 

centimetre  cube  of  the  given  substance.  ^^^  ^f  unknown  resistances. 

In  the  practical  system  the  resistance  giveo 

in  ohms.  ^  committee  appointed  by  the  /.joaican  luB- 

ttile  of  Etectrical  Engtneers  in  11(90  reported  ibe 

B^slstan^e^  Spe«lile    Candlietion  ~^—  —  Ibtlowing  values  lor  the  standard  roMttoe  of 

A  term  sometimes  used  mstead  of  speciSc  copper  wire;  at  O  degree  CiaB.  A.  U.  and  kpi 

resistance.    {So^ Resistance^  Specific^  ohms«  viz.: 
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Stakdard  Resist  a  wck  at  o*  C* 

B.  A>  V.    Legal  Ohms. 
'  Mcter^mininietre/' 

••  MotBt  copper  ". . .      .03057  .02034 

O^bie  centiroetre. .  *  ,000001616  .oocx)Oi59S 
••Mfl-foot" 9,720  9.612 

Beststanee,  Tables  of  ^^^^  ^Tables  In 
wiiich  the  resistance  of  equal  lengths  aad 
cross-sections  of  different  substances  is 
gh  en  in  ohms,  or  other  units  of  resistance. 

Resistance  ThemioTneten— (See  T^^r- 
mmtuUr^  EUctric  Reshta^ue,) 

Beslstanee,  Tranaiiioti  ^A  term 

•ometimes  used  in  electro-therapeutics  for  a 
change  in  the  value  of  the  resistance  caused 
by  polarization. 

Whenever  an  electric  current  passes  through 
a  fluid  substance  and  decomposes  the  fluid,  the 
decomposition  products  collect  on  the  electrodes 
ind  produce  an  increase  in  the  resistance  of  the 
circuit. 

Baslalance,  True The  resistane 

IM^ch  a  conductor  offers  to  the  passage  of  a 
current  by  reason  of  its  dimensions  and  spe- 
cific conducting"  power*  as  distinguished  from 
a  spurious  resistance  produced  by  a  counter 
electromotive  force. 

The  true  resistance  is  sometimes  called  the 
ohmic  resistance,— (See  R*sistimC€^  Spurious, 
Misiitante^  Ohmit.) 

Resistance,  Ualt  af Such  a  resist- 
ance that  unit  difference  of  potential  is  re- 
quired to  cause  a  current  of  unit  strength 
to  pass,     (See  Ohm,    Potential^    EUciric* 

tP&Uniiat,  Difference  0/.) 
BesbtancP,  Unit  of,  Absolute  —  —The 
one  thousand   milltonth  of  an  ohm.     (See 
Okttt,     Umls,  Practical:) 

Bitlalaaee^  Uult  of,  Jaeobi'g ^The 

electric  resistance  of  25  feet  of  a  certain 
copper  wire  weighing  345  grains. 

Another  unit  of  electric  resistance  proposed 
byjacobi  was  the  resistance  of  a  copper  wire 
cne  metre  in  length  and  oae  millimetre  in  dJame- 

BMtetaiiee,  VdU  af«  Matthiessen^s 

—The  resistance  of  one  statute  mile  of  pure 
copper  wire  iV  u^ch  in  diameter  at 


IS«5  degrees  C,  and  determine  by  him  to  t>e 
13*59  B.  A.  ohms. 
Reststaiiee,  Uait  of,  Tarley's The 

resistance  of  one  statute  mile  of  a  special 
copper  wire  ^^  inch  in  diameter, 

Varley's  unit  was  afterwards  adjusted  by  him 
to  equal  25  Sicmeat  Mercury  Uatts, 

Reslstanee,  Tariable A  resistance 

the  value  of  which  can  be  readily  varied. 
Variable  resistances  arc  either  s 
(I.)  Automatically  variable  resistances;  or 
(2,)  Non  automatically  variable  resistances. 

Be8f stance,  Tarialile,  Antoniatlc  - — 

A  resistance  the  value  of  which  can  be  auto- 
matically  varied. 

A  pile  of  carbon  plates  resting  on  one  another, 
in  loose  contact,  offers  a  high  resistance,  but  when 
compressed  as  by  an  electro  magnet  their  restst- 
ance  is  lowered.  Brush  employ*  such  an  auto* 
tnatic  resistance  in  the  regulation  of  his  dynamo- 
clectnc  machine,      (See  Regulation^  AHtomatU.) 

Resistance^  Variable  Non- A  nto  ma  tic  — — 

— A  resistance  the  value  of  which  is  regulated 
by  hand.    (See  Rheosiai,) 

Ee«ii!!Etanco,  Tirtnat A  term  some- 
limes  employed  instead  of  impedance,  (Sec 
Impedance^) 

Ret^onanee,  Electric The   setting 

up  of  electric  pulses  in  open-circuited  con- 
due  tors »  by  the  action  of  pulses  in  neighboring 
conductors. 

Electric  resonance*  like  acoustic  resonance, 
takes  place  when  a  correspondence  exists  between 
the  time-rate  of  vibration  of  the  body  pnxludng 
the  resonance,  and  the  Ixnly  in  which  the  reso- 
nance is  produced.  In  other  words,  when  the 
wave  lengths  are  the  same  in  the  two  l)odies,  or 
when  the  wave  length  in  one  is  equal  to  a  half 
wave  length,  or  some  definite  multiple  of  a  hall 
wave  length  of  the  other. 

Partial  resonance  may  occur,  when  there  is  a 
small  difference  between  the  wave  lengths  of  the 
two  bodies.  Beyond  certain  limits,  however,  this 
is  so  small  as  to  be  practically  absent. 

When  an  electrical  pulse  is  started  in  a  coa- 
ductor  by  the  discharge  of  a  Leydcn  jar,  a  side  flash 
spark  is  obtained  in  the  alternative  path,  between 
the  discharge  points.  The  lengtJi  of  this  spark  has 
its  greatest  value,  when  the  tune  required  for  the 
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pulse  to  travel  backwards  and  forwards  along  tbe 
conducting  wires,  is  exactly  equal  to  the  time  of 
a  complete  oscillation  in  the  circuit,  or  when  the 
length  of  the  open-circuit  wires  is  equal  to  half  a 
wave  length,  or  some  multiple  of  half  a  wave 
lengtli. 

The  fact  that  the  length  of  the  spark  is  greatest 
when  certain  relations  exist  between  the  dimen- 
sions of  the  two  circuit,,  shows  that  tbe  time-rate 
of  an  electrical  pulse  in  any  circuit  depends  on 
the  dimensions  of  that  circuit. 

In  the  case  of  aeons  Lie  resonance^  in  order  that 
one  tuning  fork  may  be  able  to  excite  vibrations  in 
another,  the  fork  producing  or  exciting  tbe  vibra- 
tion must  be  strictly  in  unison  with  the  fork  in 
which  the  vibrations  are  excited,  and  any  varia- 
tions produced  in  the  rate  of  vibration  of  the 
sounding  fork«  by  overloading  it,  or.  In  other 
words,  by  altering  its  dimensions,  checks  the 
effects  of  its  resonance* 

In  a  similar  manner,  any  alterations  in  the  di« 
mensions  of  the  circuit,  checks  or  diminishi^  the 
cfiects  of  electric  reson* 
ance  in  a  neighboring  dr- 
Oiit,  which  was  previously 
In  unison  with  it.  This 
has  been  experimentally 
shown  by  Hert^  as  fol- 
bws: 

An  induction  coil  A* 
Fig.  492,  has  the  terminals 
of  its  secondary  connected 
to  an  open  rectangular  dr* 
cuit  provided  with  spark- 
ing terniinais,  1,  and  2, 
called  a  spark  micrometer. 
Under  certain  conditions^ 
when  the  discharge  oc- 
curs at  the  terminals  B, 
of  the  ordinary  discharger,  sparks  are  produced 
by  electric  resonance  in  the  electric  resonator 
formed  by  the  spark  micrometer  at  Bf. 

Supposing,  now,  that  a  certain  character  of  sparV 
is  obtained  at  tbe  terminals  £,  that  is,  a  cei 
tain  velocity  of  electrical  pulsations  is  obtained 
which  depends  on  the  nature  of  the  spark  ;  sup^ 
pose,  moreover,  that  tbe  dimensions  of  the  spark 
micrometer  or  electric  resonator  are  such  that  the 
greatest  length  of  spark  is  obtained.  Then,  any 
alteration  in  the  character  of  these  sparks,  be- 
tween the  terminals  at  B,  varies  the  Intensity  of 
Ciie  sparks  in  the  spark  micrometer. 

%  fcr  example,   the  apparatus  be  arranged 


B 


Hgr. 
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as  shown  la  Fig.  493i  In  which  one  of  the  tec 

ondary  terminals  of  the  Indaction  coil  has  ooa- 
iiected  with  it  a  copper  wire  i  g  h.  The  sparks  at 
M,  decrease  considerably.  When,  however,  the 
conductor  C,  is  connected  with  the  free  end  H, 
of  this  additional  conductor,  then  this  effect  is 
not  observed,  as  is  shown  by  the  fact  that  when 
tbe  conductor  C,  b  attached  at  the  point  G,  it 
produces  no  effect  on  it. 


9^^  t         h 
fig.  4gSf,    £Ueir£t 


In  another  experiment  with  the  same  apparatus* 
matters  may  be  arranged  that  the  sparks  in  the 
micrometer  circuit  pa^  singly,  Wlieo,  now,  mh 
other  conductor  C,  is  attached  to  K,  a  str^m  of 
sparks  immediat  ely  passes. 

It  would  appear,  therefore,  from  the  above  ex- 
periments, that  when  two  circuits  are  taken, 
having  as  nearly  as  possible  the  same  vibration 
periods,  any  alteration  tn  the  dimensions  of  either 
will  prevent  one  from  producing  electrical  reso- 
nance in  the  other. 

In  the  above  experiments  Herts  demonstrated 
the  following  facts,  viz., 

(i.)  The  sparks  in  the  micrometer  drcuit  ire 
smaller  when  the  discharges  take  place  between 
points,  or  a  point  and  a  plate,  instead  of  between 
knobs. 

(2.)  The  micrometer  sparks  are  feebler  in  rare. 
fied  gas  than  in  air  at  ordinary  pressures. 

(3.)  Extremely  slight  differences  in  the  nature 
of  secondary  sparks  produce  considerable  differ- 
ence in  the  length  of  the  micrometer  sparks. 

Hertz  found  the  above  results  were  obtained 
when  the  secondary  sparks  were  of  a  OnlUanl 
color,  and  were  attended  by  a  sharp  crack- 

(4.)  The  length  of  the  spark  in  the  1 


lit  vmiies  with  the  length  of  the  mkroo^ter 
circiiiL 

This*  of  cOQTSei  follows  from  the  fact  that  any 
alteritiOQ  of  the  length  In  the  microineter  drcuitt 
produces,  by  electrica!  retardation,  a  correspond- 
ing alteration  in  the  lime  of  the  electrical  pulses. 

(5,)  No  effect  is  produced  in  the  length  o(  the 
micrometer  spark  by  variations  in  the  material, 
the  resistance,  or  the  diameter  of  the  wire  forming 
the  micrometer  circuit. 

This  is  probably  because  the  rate  of  propaga- 
tion of  electrical  pulses  along  a  conductor,  de- 
pends mainly  on  the  capacity  of  the  conductor, 
and  on  its  co-efficient  of  selMnduction^  and  only 
to  a  slight  extent  on  its  resistance. 

(6,)  The  length  of  wire  connecting  the  microm- 
cter  circuit  with  the  secondary  circuit  has  but 
little  effect,  provided  such  length  does  not  exceed 
a  few  metres. 

Local  disturbances,  therefore,  must  travetse 
conductors  without  undergoing  any  appreciable 
change. 

(7. )  The  position  of  the  point  on  the  micrometer 
drcuit  connected  with  the  secondary  circuit,  is  of 
the  greatest  importance. 

When  the  point  on  the  micrometer  circuit  is 
situated  symmetrically  with  respect  to  the  two  mi- 
crometer knobs^  variations  of  potential  will  reach 
the  terminals  in  the  same  phase,  and  there  will  be 
but  little  effect,  as  seen  by  the  sparks  between  the 
micrometer  knobs.  Such  a  point  on  the  microm  j 
eter  knobs  is  called  the  null  point,  or  it  is  called  as 
tn  a  corresponding  case  in  acoustics,  a  nodal  point. 
(Sec  /ViW,  NhU.    Pmnt,  mdaL ) 

(8,)  When  the  conductors  arc  of  sufficient 
length,  their  approach  produces  disturbances  in 
a  previously  adjusted  and  quiet  spark  microm- 
eter, just  as  the  approach  of  a  conductor  would. 

Probably  one  of  the  most  curious  effecis  con- 
nected with  the  phenomena  of  electrical  resonance 
is  that  pointed  out  by  Lodge,  viz, ;  that  when  the 
spark  from  a  secondary  circuit  ts  so  placed  that 
the  light  is  visible  from  a  micrometer  circuit,  the 
effects  of  the  discbarge  arc  greatly  increased. 
Lodge  also  found  that  the  light  from  burning 
magnesium  wire,  or,  in  general,  light  rich  in  the 
ultra-violet  rays,  produces  the  same  cflect. 

Resonator,  Electric — Aa  apparatus 

eniplo>'cd  by  Hertx  in  his  investigations  on 
dectric  resonance,      (See  Resonance,  EUc^ 

4x1  ilirhfo  resonator  consists  essentially  of  an 


open-drcaitod  conductor,  or  circuit  of  such  dimen- 
sions that  electro- magnetic  waves  or  pulses  are 
propagated  through  it  at  the  same  rate  as  those 
which  are  occurring  in  a  neighboring  drcuit 
from  which  electro- magnetic  radiation  is  tak- 
ing place.  Under  these  circumstances  electro- 
magnetic pulsea  are  set  up  sympathetically  by 
resonance  in  the  open  drcuit  of  the  resonator,  like 
the  sympathetic  vibrations  in  a  tuning  fork,  when 
placed  near  another  vibrating  tuning  fork,  which 
is  giving  off  sound  waves  of  exactly  the  same 
period  of  vibration  as  its  own. 

Eesoniitor,  Electro-Magnotlc A 

term  applied  to  the  Hertz  spark  micrometer, 
in  which  electro-magnetic  waves  are  produced 
by  electric  resonance.  (See  Resonance,  Ei^c- 
trtt\) 

Resaltant. — In  mechanics,  a  single  force 
that  represents  in  direction  and  intensity  the 
cflfects  of  two  or  more  separate  forces. 

The  separate  forces  are  called  the  components. 
(See  Components.) 

Ketardatloti.— A  decrease  in  the  speed  of 
teleg^raphic  signaling  caused  either  by  the 
induction  of  the  line  conductor  on  itself,  or 
by  mutual  induction  between  it  and  neighbor- 
ing conductors,  or  by  condenser  action,  or  by 
all. 

The  line  must  receive  a  certain  charge  before 
a  current  sent  into  it  at  one  end  can  produce  a 
signal  at  the  other  end.  This  charge  will  de- 
pend on  the  length  and  surface  of  the  wire,  on  the 
neighborhood  of  the  wire  to  the  earth  or  other 
wires,  and  on  the  nature  of  the  insulating  mate- 
rial between  the  wire  and  neighboring  conductors* 
This  residts  in  a  charge  given  to  the  wire  which 
is  lost  as  a  current  for  signaling.  The  greater  the 
ihitroittitic  capacity  of  the  line  wire,  the  greater 
will  be  the  retardation  in  signaling.  (See  Capa* 
cityy  Specific  Inductive,  Dielectric,  Capacity^ 
Eiectrostatic,     Induct  i<?n^  Eiectr  at  •Dynamic.) 

Retardation  in  signaling  is  produced  by  the 
following  causes : 

( I . )  Self-Induction  which  produces  extra  cur* 
rents.     (See  Induction^  StiJ\     Current s^  Extru.\ 

The  extra  current  on  making,  retards  the  be# 
ginning  of  the  signal ;  the  extra  current  on  bfcak< 
ing,  retards  its  stopping. 

{i,\  Mutual  Induction  between  the  tine  con* 
ductor  and  ndghboring  conductors. 
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(3.)  The  MagHitk  Tmfrtia  or  La^,  or  the  lime 
required  to  magnetize  or  demagnetize  the  core  of 
the  electro. magnetic  receptive  devices  used  on 
the  line. 

(4.)  By  Cmdtmtr  AcH^Hy  the  cable  acting  u  % 
condenser. 


KeUrrlatton,  Eleetrlc 


-A  retarda- 


tion in  the  starting  or  stopping  of  an  electric 
cujpent,  arising  from  self-induction.  (Sec  In- 
duction, Sdf,    Rftarda(ion) 

Rt^^nktbii,  Inductile A  retarda- 
tion in  the  appearance  of  a  signal  at  the  dis- 
tant end  of  a  cable,  produced  by  the  action  of 
induction.     (See  Rdardation.) 

RetArdtttiou,  Martit'tie — A  retarda- 

^^n  in  the  magnetization  or  demagnetization 
a  substance  due  lo  magnetic  lag.     (See 
Retardaium.    Lag*  Afagnettc) 

Rftardiof,  EKeetrieallf Decreas- 
ing the  speed  of  telegraphic  signaling,  by 
nfieans  of  indu  c  t  ion .     ( Se e  Retardation . ) 

Ret^ntlTity,  Magnetic A  term  pro- 
posed by  Lamont  in  place  of  coercive  force, 
or  the  power  possessed  by  a  magnetijtable 
substance  of  resisting  magnetization  or  de- 
magnetixation*     (Sec  Far^e,  CoircfP^.) 

Bctnrii  Circuit.— (Sec  Circuit,  Return.) 

Rettiru,  Earth (Sec  Eart^  Re- 
turn,) 

Return  Qround. — (See  Ground-Return,) 

Rc^tnrn  Wire  0r  Conduetor.— (See  tVirg, 
Return,) 

Betumfii — In  a  system  of  distribution,  those 
conductors  through  which  the  current  flows 
t>ack  from  the  electro-receptive  devices  to 
the  source.    (Sec  Liads.) 

The  word  returns  is  sometimes  used  in  a  sys- 
tem  of  distribution  by  parallel  circiiits,  to  distin 
guish  between  the  conductor  by  which  the  cur- 
rent goes  back  or  returtis  from  the  receptive  de- 
vice* to  the  dynamo,  and  the  conductor  that  leads 
it  10  the  receptive  devices.  The  term  leads  is, 
however,  often  applied  to  both  coaductort. 

R<»TeTae-Iiidfieed  Ciirr<5nt — {Sec  Current, 
Reverse*! n  duced,) 


[Win 

RovGraed  Cnrrenta. — (See  Currtnii,  Rt^ 
t^ersed.) 

Referwr,  Cnrrent A  switch,  or 

other  apparatus,  designed  lo  reverse  the  di- 
rection of  a  current. 

Ettrerslhle  Bridge. — (Sec  Bri4ge,  Rn^er* 
sitle.) 

Reversible  Heat-(Sec  Heai,  RfvertikU) 

RererHiblltty  of  Dyttamo,— The  ahilw> 
of  a  dynamo  to  operate  as  a  motor  when  tra- 
versed by  an  electric  current,  (Se^M^ar, 
EUctric) 

Uoversiiiig  Gear  of  KliH*tric  ]lot4ir^See 
Af^tnr,  Electric,  Reiser  sing  Gtar  of,) 

Rereralng  Key.— {See  Key,  Rez^ersing,] 

Reversing  Key  of  Qiiadntfileic  T<^Uv 
graphic  System.— (See  Key,  Reversing,  of 

Quadruple X  Telegraph ic  System.) 

Berersing  Magnetic  Field*HSce  Fieid, 
Magnetic^  Reversing^ 

Rheocliord.~A  word   fonrt^rly  eiiiplM|||J 
instead  of  rheostat*    (See  Rkeosiat,)      ^^M 

Rheoinel«r, — A  word  formerly  employ 
for  any  device  for  measuring  the  sutngth  d 
a  current 

Ihii  word  i$  now  obsolete  and  ii  i«pboei  bf 
the  word  gtlvanoineter.     (See  GMiim»wuier,\ 

Rlipomotor.— A  word  formerly  emploffd 
to  designate  any  electric  source. 

This  word  is  now  obsolete,  and  replaced  If 
the  various  names  of  the  different  electrK  tmaoL 
(See  Smtrce^  Ettetrii,) 

Rheophore.— A  word  formerly  emplflyed to 
indicate  a  porliun  of  a  circuit  conveying  a oa^ 
rent  and  capable  of  deflecting  a  roagndk 
needle  placed  near  it*    (Obsolete.) 

Bheoseope.— A  word  fofmerlyci 
place  of  the  present  word  galvanoacope*  fcir 
an  instrument  intended  to  show  the  preseace 
of  a  current*  or  its  directioii«  but  not  to 
nieasure  its  strength.     (Obsolete,) 

Rheoscope,  Physiological ^A 

tive  nerve-muscle  preparation  emphyyed  lo 
determine  the  presence  of  aa  electric  cantai 
(See  Frag,  Gahnm^cope,) 
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A  icnn  ^Ofnctimes  applied  in  electro-thera- 
pculics  to  the  frog's  legs  preparation  adapted 
lo  show  the  presence  of  any  electric  current. 

The  physiological  rheoscope  h  adapted  to 
show  ih©  presence  of  an  electric  cnrrent  without 
the  use  of  a  galvanometer.  On  the  passage  of 
the  electric  current  Ihe  frog's  legs  twitch  cqn- 
vulsivdy. 

Rheostats — An  adjtistable  resistance. 

A  rheostat  enables  the  currtmt  to  be  brought 
to  4  standard,  /,  ^,,  to  a  fixed  value,  by  adjusting 
the  resistance;  hence  the  name. 

The  term  rheostat  is  applied  generally  to  a 
Tcadily  variable  resistance^  the  varying  values  of 
which  are  known. 


RheostAt,  Dynamo-Balaucing 


-An 


adjustable  resistance  whose  range  is  sufficient 
to  balance  the  current  of  one  dynamo  against 
another  with  which  it  is  required  to  run  in 
parallel 

B^entttat,  Water A  rheostat    the 

resistance  of  which  is  obtained  by  means  of  a 
mass  of  water  of  fixed  dimensions.  (See 
EkeostaL) 

RjMnslat,  Wlif  atirtoae's —A  form  of 

apparatus  sometimes  employed  for  an  adjust- 
able resistance. 

llhis  apparatus  is  very  seldom  employed  in 
accurate  work. 

The  parallel  cylinders  A  and  B,  Fig.  494,  are 
formed  respectively  of  conducting  and  non-con^ 
ducting  materials,  the  bare  wire  on  which  can  be 
pound    from    cither 

Under  to  the  other. 

Hien  introduced  into 

circuit,  only  the  re- 
icc  of  that  part 

the  wire  that  is  on 
Bt  is  introduced  into 
Ihc  circuity  since  the 
bare  wire  on  A,  is 
short -circuiied  by  the 
rmetallic  cylinder,  Fi^.  474*  WkmiMtm^t 
This  rheostat  is  not  Rk*ottmt. 

V07  luitablf  for  accurate  measurements,  owing 
to  the  diffictitty  of  invariably  obtaining  reliable 


Rkeoatatic     Machine. — (See     Machine, 


Rlieotome. — A  word  formerly  empk»>'ed 
for  any  device  by  means  of  which  a  circuit 

could  be  periodically  interrupted* 

This  word  is  now  obsolete,  and  is  replaced  by 
interrupter,     (See  Inirrrupitr.) 

Bheotrope.— 'A  word  formerly  employed 
for  any  device  by  which  the  current  could 
be  reversed. 

This  word  is  now  obsolete  and  replaced  by 
commutator  or  current  reverser.     (See  Rtverser^ 

Ehigoletie. — k  highly  volatile  hydro-car- 
bon obtained  during  the  distillation  of  coal 
oil  and  employed  in  ihc  flashing  treatment  of 
carbons  for  incandescent  lamps.  (See  Ctfr- 
hms^  Flashing  Process  for,) 

Rhumbs  of  Compass. — (See  Compass, 
Rhumbs  of.) 

Ribbed  Armature  Core,— (See  Cere, 
Armature,  RiM€ii,) 

Ribbon  Copper.— (See  Copper,  Ri&dem.) 

Right  llaodffl  Solenoid.— (See  Solenoid, 

Righi'Hattd^d.) 

Rtrht-lfiind  Trolley  Prof*— (See  Frog, 
Trolley,  Right*Hand,) 

Rigidity,    Molecular    —Resistance 

offered    by  the   molecules  of  a  substance  to 
rotation  or  displacement. 

The  molecular  rigidity  of  a  magnetizable  sub. 
stance  was  until  recently  considered  to  be  the 
cause  of  the  differences  of  coercive  force  or  mag' 
netic  retenltvily  possessed  by  different  substances. 
The  general  acceptance  of  Ewing'i  theory  of 
magnetism  has,  of  course,  caused  the  above  view 
to  be  considerably  modified.  (Sec  Mugnttism, 
Ewht/s  Thtory  of,  F&rct^  Coercive,  Retemiiv- 
if}\  AfagHtrfie.) 

Rlnsr,  Alnp^re  —  —The  lum  or  turns 
of  wire  used  in  electric  balances  for  the  meas- 
urement of  electric  current. 

Ring  Ariuatctrc.— (See  Armature,  Ring,) 

Ring  Armature  Core,-  (See  Core,  Arma- 

ture,  of  Dynamo- Electric  Machine,) 

Rings,  Electric —A  term  sometimes 

used  instead  of  Nobili's  rings.    (Sec  Metal- 
lachrome$,) 


Bin.] 


Rings,  Electro-Chromic -A  term 

aomctimes  applied  to  mctallochromes,  (Sec 
Met  alloc  hromei,) 

RiagTB*  Noblll*» A  term  somclimes 

used  for  metallochromes.  (Sec  Metailih- 
chromes^ 

Roaring  of  Arc.— {See  Arc,  Roaring  a/.) 

Rocker  Arm,— (Sec  Arm,  Rocker:^ 

Rocker,  BruBh In  a  dynamo-clcc- 

iric  machine  or  ckctric  motor,  any  device  lor 
shifting  the  position  of  ihc  brushes  on  ihe 
cummutator  cylinder. 

Rocker^    MultljiloPair  Bnish A 

term  sometimes  used  for  multiple-pair  brush 
yoke,     (Sec  Yoke,  MultipU-Pair  Brush) 

Rocker,    Slngle-Brusli A    device 

by  means  of  which  a  single  pair  of  brushes 
are  so  supported  on  a  dynamo-electric  ma- 
chine or  electric  motor,  as  to  be  capable 
of  being  readily  shifted  into  the  desired 
position  on  the  commutator  cylinder. 

Rocker,  Single- Pair  Brush  — —  — A 
term  somelimcs  used  for  single- pair  brush 
yoke.     (See  Yoke,  Single-Pair  Brush.) 

Rod  Clamp.— (Sec  Clamp,  Rod.) 

Rod,  Clutch A  clutch  or  clamp  pro- 
vided in  an  arc  lamp  to  seize  the  lamp  rod  and 
thus  arrest  its  fall,  during  feeding,  beyond  a 
certain  predetermined  point. 

The  clutch  or  clamp  is  caused  to  release  or  hold 
the  lamp  rod  Uy  the  action  of  an  electro-magnet 
placed  in  a  shunt  circuit  around  the  electrodes, 
(See  Lamp^  Arc,  Ehciric. ) 

Rod«   BIbc harming' A  jointed  rod 

provided  at  both  ends 
with  balls  and  con- 
nected at  the  middle  by 
a  swinging  joint  which 
permits  the  balls  to 
move  towards  or  from 
one  another,  employed 
for  the  disruptive  dis- 
charge of  Leyden  bat- 
teries or  condensers.  ^  ,,.  »  . 
(See  Discharge,  Dis~  ^^ 
ruptive.    Jar,  Leyden,) 

The  insulated  himdlcs  H,  H,  Fig*  495 p  permit 


the  balli  at  M,  M,  to  be  readily  applied  to  tbe 
opposite  coating  of  the  jar  or  condenser. 

The  name  discharging  tong«  ii  sometimes  ip^ 
plied  to  this  apparatus. 

Rodf   Lamp A  metallic   rod  pn> 

vided  in  electric  arc  lamps  for  holding  the 
carbon  electrodes. 

When  the  upper  carbon  only  is  fed,  as  ii  the 
case  in  most  arc  lampe,  there  it  usually  but  ooe 
lamp  rod  provided.  The  dutch  or  clamp  qf  J 
feeding  device  acti  against  this  rod,  whidi  1 
of  necessity  be  at  least  as  long  as  the  upper  c 
(See  Lampy  Arc^  Eltctrie,) 

Rod,  yghtning  — A  rod,  or  wire 

cable  of  good  conducting  material,  placed  on 
the  outside  of  a  house  or  other  structure,  in 
order  to  protect  it  from  the  effects  of  a  light* 
ning  discharge. 

Lightning  rods  were  invcDted  by  Franklin. 
The  results  of  a  very  extended  inquiry  on  the 
subject,  leave  no  room  for  doubt  that  a  lightning 
rod,  properly  placed  and  constructed,  affoi 
efficient  protection  to  the  buildings  on 
it  is  placed. 

To  insure  this  prot^tion,  however,  the  fol* 
lowing  condttioQs  were,  until  very  rccendy,  gen- 
erally insisted  on  jn  order  to  permit  the  rod  to 
properly  act,  yiir. 

(K)  The  rod»   generally  of   Iroo  or 
should  have  such  an  area  of  croM*sectlcii  1 
enable  it  to  carry  without  fusion  the  heavi^l 
it  is  liable  to  receive  in  the  Imtitude  b  which  it  is 
located. 

When  of  iron,  the  area  of  cross-section  should 
be  about  seven  times  greater  than  when  d 
copper. 

(2.)  The  rod  should  be  continuous  throughout* 
aU  joints  being  carefully  avoided* 

When  joints  arc  used,  they  should  be  made  o( is 
low  resistance  as  possible,  and  should  be  pMW 
tectcd  against  corrosion. 

(3;)  The  upper  extremity  of  the  rod  shonU 
terminate  in  one  or  more  points  formed  of  sane 
metal  that  is  not  readily  corroded,  such  ai  pla- 
tinum or  nickel. 

(4.)  The  lower  end  of  the  rod  should  be  car- 
ried down  into  the  earth  until  it  meets  perao^ 
nently  damp  or  moist  ground^  where  it  should 
be  attached  to  a  fairly  eatmded  metallic  larfiict 
buncd  in  the  ground. 

Metallic  plates  will  answer  ior  grDUadJDg  the 
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,  if  gu  or  water  pipes  are  available,  the 
Ud  be  placed  in  good  electrical  connec- 
ferewith,  by  wrapping  */  around  and 
i|f  it  to  such  pipes, 

Jcnirth  requirement  is  of  great  importance 
■roper  action  of  a  lightning  rod,  and  un- 
proughly  fiilfiUed,  may  render  the  rod 
■IS,  no  matter  how  carefully  the  other  re< 
ents  arc  attended  to.  When  a  bolt  strikes 
tfng  rod  which  is  not  properly  grotrnded^ 
{charge  is  almost  certain  to  destroy  the 
^  to  which  the  rod  is  connected, 
file  rod  should  not  be  insulated  firom  the 
|i  unless  to  prevent  stains  from  the  oxi- 
pf  the  metal.  On  the  contrary,  the  rod 
be  directly  connected  with  all  masses  of 
ft  its  path,  such  as  tin  roofs,  gutter  spouts, 
£  com  ices,  etc.  In  this  way  only  can  dan- 
disruptive  lateral  discharges  from  the  rod 
I  masses  of  metal  be  avoided, 
The  rod  should  project  above  the  roof  or 
Ipart  of  the  buOdling,  or,,  in  other  words, 
|ht  of  the  rod  should  bear  a  certain  pro- 
I  to   the  sixe  of  the  building  to  be  pro* 

|d  wi!l  protect  a  conical  space  around  it, 
kus  of  whose  base  is  equal  to  the  vertical 
^f  the  rod  above  the  ground,  but  whose 
ie  curved  inwards  instead  of  being  straighL 
jthe  building  is  very  high,  a  number  of 
J6  rods  a//  comtecied  io  om  ancthrr  should 
byed. 

|htning  rod  sometimes  fails  to  protect  a 
ir  bam,  from  the  fact  that  a  heated,  ascend - 
^t  of  air  from  a  fire  in  the  house,  or 
ie  gradual  heating  of  green  hay  or  grain  in 
n,  acting  as  a  conductor,  increases  the  vir. 
ight  of  the  house  beyond  the  ability  of  its 
Iprotcct  it. 
,  stranded  conductor  is  much  better  than 
cross-section  of  a  solid  rod  of  the  same 

'  tape  is  better  than  a  copper  rod  for 
tg  rods,  because  a  rapidly  periodic  current, 
iperiodicity  is  sufBciently  great,  passes 
ply  over  the  surface  of  the  conductor  only, 
^ring  an  electric  current  as  taking  its 
!from  the  surrounding  dielectric,  a  tape  is 
^because  the  surface  which  absorbs  the 
lis  greater  in  the  case  of  a  tape  than  of  a 
p.     [Stic  Law^  Poynting^s.) 

ning  rod  more  frequently  acts  to  quietly 
r  %Sk  impoiding  cloud  by  €<mvective  dis- 


charge than  by  an  actual  disruptive  diuhargt  of 
the  same.  (See  Discharge^  Ctmvtctive^  Dit* 
charge^  Disruptive,) 

Lightning  rods  should  be  frequently  tested  to 
see  that  no  breaks  or  oxidation  of  their  joints 
have  occurred. 

Professor  Lodge  takes  exception  to  some  of  the 
heretofore  generally  received  notions  concerning 
the  action  of  lightning  rods.  He  distinguishes 
between  two  distinct  kinds  of  discharge  that  may 
occur  between  a  charged  cloud  and  the  earth, 
viz. ; 

(I.)  A  steady  strain  or  current. 

(2. )  An  impulsive  rush  or  oscillatory  discharge, 

A  discharge  by  a  steady  strain  or  current  oc- 
curs when  the  cloud  gradually  approaches  a  point 
on  the  earth;  or,  in  the  case  of  the  cloud  being 
stationary,  when  it  receives  its  charge  gradually 
by  the  approach  of  another  cloud. 

In  steady  discharge,  the  lightning  rod,  with  its 
pointed  end,  either  quietly  discharges  the  cloud 
by  a  convective  discharge,  or  by  a  harmless  con- 
ductive discharge  through  the  rod,  after  a  spark 
has  passed  disruptively  between  the  cloud  and 
the  rod.  (See  Discharge^  CoKvective,  Dis^ 
€karg€y  Ccnductive,     Discharge^  Disruptive.) 

The  impulsive  discharge  or  rush  occurs  when- 
ever the  cloud  that  discharges  to  the  earth  re- 
ceives its  charge  suddenly,  as  by  the  discharge 
into  it  of  a  neighboring  cloud,  or  when  a  bound 
charge,  produced  by  the  presence  of  a  neighbor- 
ing charged  cbud,  is  suddenly  liberated  by  dis- 
hargc,  and,  thus  becoming  free,  impulsively  dis* 
charges  to  the  earth. 

In  all  cases  of  an  impulsive  discharge  or  rush,  a 
counter  electromotive  force  Is. set  up  in  the  rod, 
which  resists  the  discharge  through  the  rod  and 
causes  the  electricity  to  rush  back  and  spit  off  in 
lateral  discharges.  In  this  case  the  conducting 
power  of  the  rod  has  no  effect  in  facilitating  the 
discharge.  Indeed,  the  smaller  its  resistance,  and 
the  longer  the  oscillations  last,  the  greater  the 
danger  from  lateral  discharges.  (Sec  Discharge^ 
LaieraL     Faihy  Alternative.) 

The  following  prindplcs  advanced  by  Lodge 
differ  from  the  views  heretofore  generally  re- 
ceived, viz.: 

(I.)  Iron  is  a  better  substance  for  a  Hghtmng 
rod  than  copper,  because  it  is  e<:^ual]y  as  good  ft 
conductor  as  copper  for  very  rapidly  alternatixig 
currents,  and  is  more  difficult  to  fuse* 

(2.)  All  neighboring  metallic  conductors  should 
be  connected  to  earth.    These  connections  should 
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preferably  be  hj  sepante  conductors  rmther  than 
by  the  rod  itself. 

(3*)  The  lightning  conductors  shoald  have  a 
good  separate  earth,  but  shoald  be  connected  to 
water  pipes,  gas  pipes,  etc.,  if  near  them^  by  an 
underground  connection. 

(4.)  The  lightning  conductor  should  be  de- 
tached from  the  building  and  not  close  against  it. 

(5.)  The  rod  should  be  of  fiat  section,  or  a 
stranded  conductor. 

Rod,    Llgrhtnfng:,    for     Ships —A 

system  of  rods  designed  to  afford  electric 
protection  for  vessels  at  sea. 

Since  the  lightning  discliarge  takes  place  be- 
tween the  points  of  greatest  dllFerence  of  poten- 
tialf  and  these  points  are  generally  the  cloud 
and  the  nearest  point  of  the  earth,  tall  objects  are 
especially  liable  to  be  struck. 

Ships  at  sea  should,  therefore,  be  thoroughly 
protected  from  lightning. 

In  Harris*  system  of  lightning  protection  for 
ships,  the  rods  are  connected  with  a  series  of 
copper  plates  and  rods  so  placed  on  the  masts  as 
to  readily  yield  to  strains.  These  plates  or  rods 
are  electrically  connected  with  the  copper  sheath- 
ing of  the  vi^icl  and  wifA  ail  large  masses  of 
metal  in  the  vessel.  This  latter  precaudon  is 
especially  necessary  in  the  case  of  men-of-war, 
in  order  to  protect  the  powder  magazine. 

Harris'  method  for  the  lightning  protection  of 
ships  was  adopted  only  after  very  considerable 
opposition.  It  proved,  however,  so  efhcacious  in 
practice  that  serious  effects  of  lightning  on  vessels 
so  protected  are  now  almost  unknown.  In  1845, 
Harris  received  the  honor  of  knighthood  from 
the  English  Government  for  his  services  in  thii 
respect 

Rod,  Liglttiitii^,  Points  on ^Points 

of  inoxidizablc  material,  placed  on  lightning 
rods,  to  effect  the  cjuiet  discharge  of  a  cloud  by 
convection  streams.  (Sec  Rod,  Lightning* 
C&nvectian^  Electric^ 

Rod,  Tlinnder A  term   formerly 

used  lor  lightning  rod.  (See  Rod^  Ligki^ 
ning:) 

Rods,  Bus Heavy  copper  rods  em- 

plo>'cd  in  a  central  or  distributing  station,  to 
which  all  the  terminals  of  the  generating  dy- 
namos are  connected,  and  from  which  the  cur- 
rent passes  to  the  different  points  of  the  dis- 
tribution system  over  the  feeders* 


Bus  rods  arc  often  called  bus  bars  or  bus  wires. , 
(See  Wires,  Bus,) 

Roddinff  a  CondaJt— (See  CoHdaii.  Roi 

ding  a,) 

Rolling  Contact— (See  Caniact .  Roftimg^ 

Rose,  Ceiling An  ornamental 

ing  plate  through  which  an  electric  condu 
passes. 

Rosette.^ — An  ornamental  plate  proiide 
with  contacts  connected  to  the  terminals 
the  semce  wires,  and  placed  in  a  wall  for  the 
ready  attachment  of  the  incandescent  lampi 

A  word  sometimes  used  in  place  of  rose 

Rosette  Cttl-Ont— (Sec  Cut-Out,  Rosiiie:\ 

Rotary  Miwrnetic  Polariziitiiiii. — (Sec 
Polar tsaiion.  Magnetic  Rotary.) 

Rotiiry-Phase  Corrent— (Sec  Currtnt, 
RoiaitPfg,) 

Rotarj.Phaso  Dynamo.— (See  Dymama, 
Rotary-Phase:) 

Rotary-Phase  Motor.— <See  Motor ^  Ro- 
tating Current,) 

Rotary*Pha§e  Transformer.— (Sec  Tramp 
former^  Rotary- Phase,) 

Rotating'  BrosliAs   of  ]>yiuini»-Eleetrfi, 

Machine*— (See      Brushes,    '  Rotaii*^, 

Dynamo-Electric  Machines,) 

Rotating  Current- (Sec  Cumnt^  Rota- 
iiftg) 

Rotating  Corrent  Field.— (See  Fidd, 
Rotating  Current,) 

RotatlnfT  Corrent  Motor.- (See  Motor, 
Rotating  Current) 

Rotating  Cnrrent  Tramsfomier.— C^e 
Trans/ormert  Rotatory  Curreni^) 

Rfitatlon,  Electro-Magnetic  — —  —A 
rotation  obtained  by  electro-magoetic  attrac- 
tions and  repulsions.  (See  Di$c,  Ar^ti. 
Disc,  Faraday s.    Motor,  Eie€iric^ 

Rotation^  Magneto-Optic  — ^ A  rot 

lion  of  the  platie  of  polarization  of  a  beai 
of  polarized  light  on  its  pasagc  througb 
transparent  medium  when  placed  in  a 
magnetic  field. 

The  medium  only  poasesm  wosSk  pnjpeiiia 
whHe  in  the  field. 
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In  »  ray  of  oirdinaty  light  the  vibrations  of  the 
ether  particles  arc  at  right  angles  to  the  directioQ 
of  the  ray,  or  to  the  direction  in  which  the  light 
is  moifiDg.  But  the  vibrations  occur  indiscnmi- 
natcly  in  alt  planes  passing  through  the  line  of 
direction.  Under  certain  circumstances,  all  the 
ether  particles  nxay  be  caused  to  move  in  planes 
that  are  parallel  to  one  another.  Such  a  beam  of 
Ught  IS  called  -i, plane polarited  beam, 

A  plane  polarized  beam  of  lights  when  passed 
through  many  transparent  substances,  will  have 
its  ether  particles  vibrating  in  the  same  plane 
when  it  emerges  from  the  medium,  as  it  had  before 
it  entered.  Some  transparent  sul>stancc5,  how- 
ever, possess  the  property  of  rotathtg  or  turning 
the/ZuMKr  of  poltxrixatum  of  the  light  to  the  right 
M       _ N 
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Of  to  the  left.  This  property  is  called  respec- 
latm^  Hgki^kAnded  rpinry  patari%ationy  and  Uft* 
MtmM  rotary  p^!ariusti4tn. 

Many  sutistanccs  that  ordinarily  possess  no 
power  of  rotary  polartxalion  acquire  this  power 
when  placed  in  a  magnetic  field.  This  property 
ofamagoetjc  field  was  discovered  by  Faraday. 


The  effect  is  to  be  ascribed  to  the  strain  produced 
in  the  transparent  medium  by  the  stress  of  the 
magnetic  field.  It  may  be  caused  in  solid  bodies 
by  mechanical  force. 

The  apparatus  for  demonstratixig  the  rotation 
of  the  plane  of  polarization  by  a  magnetic  field  is 
shown  in  Fig,  496. 

A  powerful  electro-magnet,  M,  M,  is  provided 
with  a  hollow  core.  The  substance  c,  is  placed 
in  the  field  produced  by  the  approached  poles, 
and  its  action  on  the  light  of  a  lamp,  placed  ai 
the  end  1,  is  observed  by  sui table  apparatus  at  a. 

Rnhbi^r    of    Electrical    Machine.— A 

cushion  of  leather,  covered  with  an  electric 
amalgam,  and  employed  to  produce  electricity 
by  its  friction  against  the  plate  or  cylinder  of 
a  frictional  electric  machine,  (See  Machine^ 
Friciional  EUciric) 

Rnbliin?  Contact— (Sec    CotUact,   Rud* 

ift'ng,) 

RnhmkorlT  Coll*— (See  Coii,  Ruhmkorf) 
RnhmkorfTfi    Co  mm  at  A  tor, --(See    Com^ 

m  uta  tor ,  Rt$h  mkorff  *  J , ) 
Ralo,  Aui|>dre*s,  for  EITect  of  Ciin-ent  011 

Needle  —A    mag^netic    needle,    when 

placed  near  a  conductor  through  which  a 
current  is  flowing,  has  its  north  pole  deflected 
to  the  left  of  the  observer,  who  is  supposed 
to  be  swimming  with  the  current  and  lacing 
the  needle. 
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%. — A  contraction  employed  for  second 

8.   ft,  M. — A  contraction    employed    for 

pie  harmonic  motion. 
St  N,  Code. — A  contraction  for  single  needle 


flb  W.  €li — A  contraction  for  Standard  Wire 
Gauge, 

teidles,  Telegraphic B  rackets 

pieced  on  the  top  of  telegraphic  poles  for 
the  support  of  the  insulators. 

Saddle  brackets  are  usually  employed  for  the 
wire  attached  to  the  top  of  a  telegraph  pole.  (See 


8il^€an7tii|t  Capacity  of  a  Coitdnctor. 

-  (See  Capacity,  Safe  Carryings  of  a  Con- 

iiucior,) 

Safety  Catch.- (See  Caich,  Saf^fy,) 
Safety  BeTlcc  for  Multiple  ClrcwIK— (See 

Devici,  Safety^  far  Multiple  Circuits.) 
Safety  Fuse.— (See  Fuse,  Safety.) 
Safety  Lamp,  Electric (See  Lamp^ 

Electric  Safety,) 

Safety  Plug.— (Sec  Plug,  Safety.) 
Safety  Strip.- (See  Strip,  Safety) 
Saint  Elmo's  Fire*— (See  Firs^  Si.  El-^ 

mo*s,) 
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Salient  Magnetic  Pole.— (See  Pole,  Mag- 
netic.  Salient.) 

Saline  €reei»liig, — (See  Creeping,  Saline,] 

Salts,  El<^et^olJ  »l8  of The  decom- 
position of  a  salt  into  its  electro-positive  and 
negative  radicals  or  ions,     (See  Elecirofysis.) 

Sandj    Deposit,    Electro^Motallnrgical 

^(Sec  Deposit,  Electro-Metailurgi^al, 

Sandy) 

Satarated  Solution.— (Sec  Solution,  Sat- 
urated.) 

Saturation,  Magnetic The  max- 
imum magnetization  which  can  be  imparted 
to  a  magnetic  substance. 

The  condition  of  iron,  or  other  paramag^- 
netic  substance,  when  its  intensity  of  mag- 
netization is  so  great  that  it  fails  to  be  further 
sensibly  magnetized  by  any  magnetic  force, 
however  great 

When  the  core  of  an  electro-magnctis  saturated 
by  the  passage  of  an  electric  curreiitj  the  only 
further  increase  of  its  magnetization  that  is  possi^ 
blc»  is  that  due  to  ihc  magnetic  field  of  the  in- 
creased current  which  may  be  sent  through  its 
coils.     This  is  comparatively  insignificant. 

A  permanent  magnet  is  sometimes  said  to  be 
super- saturated,  that  is,  to  have  received  more 
magnetism  than  it  can  retain  for  any  considerable 
time  after  its  magnetization. 

In  the  saturated  fielJ  magnets  of  a  dynamo-elec- 
trie  machine  the  magnetic  density  is  sekioni  taken 
at  a  larger  value  than  16,000  Hntrs  per  square  cen- 
timetre of  area  of  cross  section.  But  this  is  only 
practical  saturation,  since  Ewing  has  forced 
45,300  lines  per  square  centimetre  by  using  an 
enormously  high  magnetizing  force  (II  ^=  24,500). 

Saturation,  Mairnetie,  Diacritical  Point 

of ^A  term  proposed  by  S»  P.  Thomp- 
son for  such  a  value  of  the  co-efficient  of 
magnetic  saturation,  that  the  core  is  mag* 
netized  to  exactly  one-half  its  possible  max- 
imum of  magnetization. 

Saw,    Electric —A   platinized   steel 

wire,  employed  while  incandescent  for  cut- 
ting hard  substance. 

Scale,  Tangent A   scale  designed 

for  use  with  a  galvanometer,  on  which  the 
values  of  the  tangents  are  marked ,  instead  of 


equal  degrees  as  ordinanly.  thus  avoiding  ihej 
necessity  of  finding  from  tables  the  tangent 
corresponding  to  the  degrees. 

Such  a  scale  may  be  constructed  as  foUowsrj 
Draw  the  tangent  B  T,  to  the  circle.  Fig,  #97, 1 
and  lay  off  on  it  any  number  of  equal  divisioni| 
or  parts,  as»  for  example,  the  thirty  shown  in  the 
annexed   figure.     Connect  these  parts   with  the 
centre  C»  of  the  circle.     The  arc  of  the  circle  wiU 
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thus  be  divided  into  parts  proportional  to 
value  of  the  tangents  of  the  angles. 

These  parts  are  more  nearly  equal  the  nearer 
they  are  to  B,  and  grow  smaller  and  smaller  the 
further  they  are  from  B,  In  tangent  galva- 
nometers it  is  therefore  very  dif!icult  to  accurately 
determine  the  current  strength  when  the  deflec*  ! 
tions  of  the  needle  are  very  large.  H 

Scale,  Tliermometen  Centlsfrade A 

thermometer  scale,  in  which  the  length  of  the 
I hermo metric  tube  between  the  melting  point 
of  ice  and  the  boiling  point  of  water  is  disndcd 
into  one  hundred  equal  parts  or  d^rees. 

Centigrade  degrees  arc  indicated  by  a  C,  thui 
O  degree  C.  or  too  degrees  C,  to  distinguish  them 
from  Fahrenheit  degrees  that  are  marked  F. 
In  the  Fahrenheit  scale  the  frecnng  point  of 
water  is  taken  at  32  degrees,  and  the  boiling  point 
at  213  degrees. 

Scale,  Thermometer,    Falirenheir^ * 

— A  thermometer  scale  in  which  the  lengtli 
of  the  thermometer  tube  between  the  melting 
point  of  ice  and  the  boiling  point  of  water  is 
divided  into  180  equal  parts  called  d^reesv 

Fahrenheit  degrees  are  indicated  by  an  F*| 
thuSj  32  degrees  F, 

The  freezing  point  of  water  in  Fahrenheitli 
scale  is  marked  32  degrees  F.,  and  the  bdfisg 
point  of  watef  is  marked  21a  degrees  F. 

Sehiseophdne.— An  electro-mechanical  ap-^] 
pliance  for  detecting  flaws  and  internal  de-^ 
fects  in  rails  or  other  metaUie  masses. 

The  schiseophone  consists  essentially  in  the 
combination  of  a  microphone  and  telephone  wiA 
a  mechanical  hammer  and  inductton 
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^_  Schweip^er'H    MnltlpUer.— (See  Multi- 

^^K>Vr,  Sckweigger'i^ 

^B  Scinttllatljig  Jar.— (See  Jar.  Scintillat- 

K 
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Scratclt  Brush,— (See  Brush,  Scratch,) 

Scratch    Brushy    Circalar — (Sec 

Brush,  Scratch ,  Circular^) 

Scratcli  Brush,  Maud — ^(Scc  Brushy 

Scratch,  Hand,) 

fUcmtch  BraBhlng. — (See  Brushing, 
Scratch.) 

Sereeii,  Electric —A  closed  conduc- 
tor placed  over  a  body  lo  screen  or  protect  it 
from  the  effects  of  external  electrostatic  fields. 

An  electric  screen  is  sometimes  called  an  elec- 
tric shield. 

The  ability  of  a  doised,  hollow  conductor  to  act 
as  a  screen,  arises  from  the  fact  that  all  points  on 
its  inner  surface  are  at  the  same  potential,  and 
therefore  arc  not  affected  by  an  increase  or  de- 
crease in  the  poteotiai  of  the  outside  of  the  con- 
dnctor  as  compared  with  that  of  the  earth.  (See 
AV^  jFaradays.) 

No  considerable  thickness  is  required  for  the 
efficient  operation  of  an  electric  screen, 

Sere€D,  Ma^niotic ^A  hollow  box 

whose  sides  are  made  of  thick  iron»  placed 
around  a  magnet  or  other  body  so  as  to  cut 
it  off  or  screen  it  from  any  magnetic  field  ex- 
ternal to  the  box. 

Magnetic  screens  are  placed  around  delicate 
galvanometers  to  avoid  any  variations  in  their 
field  due  to  extraneous  masses  of  iron  or  neigh- 
boring maf^nets.  They  are  also  sometimes  placed 
around  watches  to  shield  or  screen  the  works 
&-om  the  ejects  of  magnetism. 

To  act  effectively,  when  the  external  fields  are 
mt  all  po^vcrful,  magnetic  screens  must  be  made 
of  thick  iron.  They  differ  in  this  respect  from 
dectrostatic  shields,  which  will  afford  protection 
against  electrostatic  charges  although  they  may 
be  but  mere  films. 

Screen,  Met h yen's A  vertical  rec- 
tangular metallic  screen  used  in  connection 
with  a  standard  argand  burner,  for  furnish- 
ing a  standard  amount  of  light  for  photo- 
metric purposes. 

In  a  rectangular  screen  a  small  vertical  slot  is 
made  of  such  dimensions  as  to  permit  an  amount 


of  light  to  pass  just  equal  to  two  standard  candles » 
The  proper  burning  of  the  argand  lamp  is  de- 
termined by  supplying  sufficient  gas  to  produce 
a  flame  exactly  3  inches  high.  The  glass 
chimney  used  in  the  burner  is  6  inches  high, 
and  is  provided  with  two  horizontal  wires  placed 
on  each  side  of  the  burner  at  the  re<juired  height. 

Methven's  screen  possesses  the  advantage  of 
being  easily  used  and  of  furnishing  a  reliable 
standard  of  light.  Extended  experiments  made 
with  it  appear  to  show  that  the  amount  of  light 
produced  depends  rather  on  the  height  of  the 
gas  flame  than  on  the  quality  of  the  gas  itself. 
In  using  Mcthvcn's  screen  care  should  be  taken 

(t.)  To  see  that  the  gas  flame  is  of  exactly  the 
required  height. 

(2.)  That  the  chimney  on  the  lamp  is  quite 
clean. 

(3,)  That  the  top  of  the  flame  js  as  regular  as 
possible. 

As  this  last  point  is  almost  impossible  to  obtain  in 
actual  practice*  the  flame  is 
adjusted  so  that  the  highest 
point  extends  about  one- 
eighth  of  an  inch  above  the 
height  of  the  horizontal 
wires, 

(4.)  That  the  lamp  and 
apparatus  be  permitted  to 
acquire  its  normal  temper- 
ature before  the  readings 
are  taken. 

Fig.  498  shows  the  con- 
stnicdoQ  of  the  ordinary 
Methven  standard  screen - 
The  vertical  slot  in  the 
screen  is  placed  as  shown 
before  the  standard  argand 
burner.  Horizontal  wires 
for  the  adjustment  of  the  height  of  the  f!ame  are 
placed  one  on  each  side  of  tiie  gas  chimney. 

Screening,  Elcctro»iAttc Screening 

or  shielding  from  the  inductive  effects  of  a 
charge, 

A  continuous  metallic  surface  surrounding  an 
air  space  to  be  ahtelded,  completely  protects  any 
body  placed  within  such  air  space  from  electro- 
static  influence,     (See  CuSe^  Faraday s.) 

Screening,   Magnetic ^Prcvcnting^ 

magnetic  induction  from  taking  place  by  in- 
terposing a  metallic  plate,  or  a  closed  circuit 
of  insulated  wire,  between  the  body  producing 
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the  ma^etic  field  and  the  body  to  be  mag- 
netically screened. 

A  magnetic  needle  is  screened  from  the  action 
of  the  earth's  field  by  placing  it  inside  a  hollow 
iron  box,  which  prevents  tiie  lines  of  force  of  the 
earth's  field  from  passing  through  it  by  conccn. 
trating  them  on  itself.  This  action  is  dt^pendent 
on  the  fact  that  iron  is  paramagnetic  and  there- 
fore offers  the  lines  of  force  less  resistance 
through  its  mass  than  elsewhere.  Jl  pUte  of 
copper  would  not  effect  any  such  magnetic 
shielding  or  screening. 

In  any  magnetic  field,  however,  in  which  the 
strength  of  the  field  is  ujidergoing  rapid,  periodic 
variations,  a  plate  of  copper  or  other  eleclric 
conductor  may  act  as  a  screen  to  protect  neigh- 
boring  conductors  from  ihe  effects  of  magnetic 
induction,  and  its  ability  to  thoroughly  effect 
such  a  screening  will  depend  directly  on  its 
conducting  power. 

If,  for  example,  the  copper  pbte  c  (Fig.  499), 
be  interposed  between  a  coil  of  copper  ribbon  a, 
and  the  fine  wire  coil  h,  it  will  greatly  reduce  the 
intensity  of  the  induced  currents,  produced  when 
rapidly  alternating  currents  are  sent  through  a. 
If,  however,  the  copper  plate  be  sHt.  as  shown  to 
the  right  at  a,  the  screening  effect  is  lost,  but  is 
regained  if  the  slit  be  connected  by  a  conductor. 
Similarly  a  flat  coil  of  insulated  wire  effects  no 
screening  action  when  open,  but  when  closed  acts 
as  the  uncut  copper  plate. 

Here  the  screening  action  is  due  to  th'  fact 
that  the  energy  of  the  field  b  spent  in  producing 
eddy  currents  in  the  interposed  metal  screen  or 
coils.  If  the  metal  screen  is  discontinuous  in  the 
direction  in  which  the  eddy  currents  tend  to  flow, 
the  inabihty  of  the  screen  to  absorb  the  energy  as 
eddy  currents  prevents  its  action  as  a  screen. 


^V*  499' 

The  word  magnetic  screening  is  generally  em- 
ployed in  the  latter  sense  of  preventing  magnetic 


induction  from  occurring  in  a  netghbarin^ 
ductor,  by  interposing  some  conducting  mh^t 
in  which  eddy  currents  can  be  frcclj  estabariid 
As  to  the  efficiency  of  the  screening  action,  if  ik 
makes-and-breaks  do  not  follow  one  another  W] 
rapidly,  the  following  principles  can  be  proved: 
(r.)  If  the  screening  materiaj  have  sbaolntcljj 
no  electrical  resistance  it  will  effect  a  perfect 
nctic  screening  when  placed  between  the 
and  secondary,  no  matter  what  its  th 
may  be. 

(2.)  If  the  screen  have  a  finite  conductivity, 
the  screening  will  be  imperfect,  unless  the  thick 
ncss  of  the  material  employed  is  considerable. 

If,  however,  the  makes-and  breaks  fbiiow  one 
another  very  rapidly,  then 

The  screening  effect  of  even  imperlect  condiic 
tors  will  become  manifest  with  comparatively 
th  in  screens  of  metal. 

As  to  magnetic  screening,  therefore,  it  follows 
that  the  less  the  conductivity,  the  greater  must 
be  the  speed  of  reversal,  in  order  thai  the  screen. 
ing  action  may  be  effective. 

Where  a  screen  of  iron  is  employed,  an  ad- 
ditional effect  is  produced  by  the  fact  that  the 
smaU  magnetic  resistance  of  the  metal,  or  its  con- 
ductivity for  lines  of  magnetic  force,  causes  the 
iia^i  of  inducUon  to  pass  through  its  mass,  and 
thus  effect  a  screening  action  for  the  space  on  the 
other  side.  This  action  is,  by  sorae»  calkd  raig- 
nctic  screening. 

In  the  case  of  iron  screens,  conaderable  Oiidc 
ness  is  required  in  the  metal  plate,  in  order  to 
obtain  efficient  screening  action  of  this  ktter 
character.  On  account  of  this  action  of  iron,  in 
conducting  away  lines  of  force,  a  much  •'jn^ 
speed  of  reversal  is  required,  in  oidcr  to  obtain 
effective  screening  action,  where  plateis  of  irep 
are  used,  than  in  the  case  of  plates  of  otiier 
metal. 

The  apparatus  shown  in  Fig,  500  was  employed 
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by  Mr.  Willoughby  Smith,  in  studying  die  electa 
of  magnetic  screening. 

The  llat  coih  A,  and  B,  were  employed  Ibr  Cbe 
primary  and  secondary  coCls  respectively.  wBiL 
were  connected  to  the  battery  C,  and  tJie  g«Ni^ 
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F,  as  shown.  Current  reversersi  D  and 
E»  were  so  arranged  as  to  revene  galvanometer 
and  battery  alternately,  and  so  cause  the  oppo« 
site  induced  currents  to  a^ectthe  galvanometer  in 
the  same  dircctioa.  If  the  commutators  yitre 
caused  to  reverse  the  current  slowly,  a  plate  of 
copper  interposed  between  A  and  B,  produced 
but  little  effect  on  the  galvanometer,  but  if  the  re- 
Tcrsers  were  driven  at  a  very  rapid  rate,  a  marked 
decrease  of  deflection  occurred. 

The  screening  action  of  the  metals,  or  their 
ibiLity  to  diminish  the  galvanometer  deflection, 
IS  in  the  order  oi  their  electrical  conductivity,  ex- 
cept In  the  case  of  iron,  which,  as  we  have  seen 
already  I  has  an  additional  screening  power,  due 
to  ill  condncting  away  the  lines  of  magnetic  force. 

It  foUows  from  the  preceding  principles  that 
the  use  of  lead  covered  cables,  for  the  conveyance 
of  periodic  currents,  of  the  frequency  of,  say,  sixty 
to  one  hundred  alternations  per  second,  is  of  but 
little  or  no  advantage  for  protecting  neighboring 
tei^hones  from  inductive  action,  because 

(l.)  Lead  is  a  poor  conductor. 

(2.)  The  rapidity  of  allemation  is  too  slow. 

J.  J.  Thomson  made  some  experiments  with 
trical  oscillations  produced  by  resonance,  of 
about  ic^  in  frequency.  He  obtained  this  fre- 
quency of  osallation  from  0!>cil]ations  set  up  in 
the  primary  of  an  induction  coil,  in  a  secondary 
circuit  of  suitable  dimensions.  The  presence  of 
thoc  secondary  vibrations  or  waves  was  shown 
by  means  of  the  sparks  seen  at  the  terminals  of  a 
fpark- micrometer  circuit.  Under  th<se  circum^ 
stances  he  found  that  the  interposition  of  a  thin 
^^ihect  of  tin  foil  or  gold  leaf  at  once  completely 
^^Bopped  the  secondary  sparks  by  the  shielding 
^^Iction  it  exerted. 

Sereenlngr,  Mn^nctostatic Screen- 
ing from  the  inductive  effect  of  a  stationary 
magnetic  fields 

Magnetostatic  scTeening  diifcrs  from  electrostatic 
screoiing  in  that  the  plate  of  iron  or  other  para- 
magnetic material  surrounding  the  space  to  be 
Kreened  must  have  a  fairly  considcrabk  thick. 
Ekesft.  This  arises  from  the  fact  that  the  magnctjc 
Sdsoeptibiiity  of  the  substance  is  not  iufinitdy 
great. 

Screw,  Biiidlnt^  — A  naine  some- 
times applied  to  a  binding  post.     (Sec  Pos/^ 

I,  Hf  nnelieal Such  a  scaling  of 
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a  vessel,  designed  to  hold  a  vacuum,  or  gas- 
eous atmosphere  under  pressures  greater  or 
less  than  that  of  the  atmosphere,  as  wtU  pre- 
vent either  the  entrance  ol  the  exiemal  at- 
mosphere into  the  vessel,  or  the  escape  of  the 
contained  gas  into  the  atmosphere. 

Hermctical  sealing  may  be  accomplished  either 
by  the  use  of  suitable  cements,  or  by  the  direct 
fusion  of  the  walls  of  the  containing  vesseL  The 
latter  method  is  generally  employed. 

Search    Li^lit,    Aiitoniatic  —(See 

Light,  Search,  Automatic^ 

Search  Ugtit*  £lectric (Sec  Lights 

Search,  Electric^ 

Secohm. — The  practical  unit  of  self-indue* 
tion,  or  the  practical  unit  of  mductance. 

The  secohm  is  equivalent  to  a  length  equal  to 
that  of  an  eaj-th  quadrant,  or  lo^  centimetres. 

The  word  secohm  is  a  ctmtraction  for  second, 
ohm,  and  implies  the  fact  that  the  product  of  the 
ohm  and  the  second  are  taken. 

The  word  henry  is  now  generally  used  in  the 
United  States  for  secohm.     (See  Henry*.} 

Sc^oluiimeter,— An  apparatus  for  measur- 
ing the  co-eflPicient  of  self-induction,  mutual 
induction  and  capacity  of  conductors*  (See 
Secohm,  Induction,  Mutual,  Induction, 
S^lf.) 

The  principle  of  the  sccohmmeter  depends 
upon  successively  performing  the  cycle  of  magnetic 
operations,  by  making  and  breaking  the  circuit 
of  a  galvanometer  by  means  bf  a  commutator 
capable  of  working  at  a  definite  speed. 

Second.  Ampere One  ampere  flow- 
ing for  one  second,    (See  Hour^  Ampere .) 
Second^  Watt A   unit  of  electrical 

work, 

A  watt -second  equals  the  work  due  to  the  ex^ 
penditu  re  of  an  electrical  power  of  one  watt  for 
one  second.     It  is  the  same  as  a  voU-coulorab. 

The  watt^stcond  and  the  H.  P,  hour,  etc., 

Work^ 
Time ' 


are  units  of  work,  since  Power  — 
therefore,  power  K  time  =  work. 

Secondary    Battery.— (Sec  Battery,  SeC' 
ondary.) 

Secondary  Butti^ry,  Cell  nf —(See 

Cell,  Secondary,) 
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Secon^orj  Cell. — (See  Cell,  Secondary^ 

Secondaiy  C^ll»  Jar  ©f (See  Jar  of 

Secondary  CeiL) 

Secondary  Clock,— (Sec  Clock,  Second- 
ary.) 

Secondary  CoIL — (See  CoiL  Secondary) 

Secoudarj  Currents, — (See  Currents, 
Secondary) 

Secondary,  Fixed The  secondary 

of  an  induction  coil*  that»  as  is  common  in 
such  coils,  is  fixed,  as  contradistinguished 
from  a  movable  secondary.  (See  Secondary, 
Mffuable) 

Secondary  Oonerator. — (See  Generator, 
Secondary) 

Secondary  Impressed  Electromotive 
Force,— (See  Force,  Electromotive,  Second- 
ary Impressed) 

Secondary,  Movable The  second- 
ary conductor  of  am  induction  coil,  which,  in- 
stead of  being  fixed  as  in  most  coils«  is  mova- 
ble. 

The  peculiar  movements  observed  in  tKe 
secondary  of  an  induction  coil  when  the  second* 
ary  is  free  to  move,  have  been  carefully  studied 
by  Prof.  Elihu  Thomson.  The  secondaries 
employed  for  Ihis  purpose  are  in  the  shape  of 
rings,  discsj  spheres,  wedges,  bars,  wheels,  etc., 
etc. 

The  primary  is  in  the  form  of  a  straight  cyhn- 
drical  coil  surrotmding  a  straight  core.  The  coils 
are  traversed  by  rapidly  alternating  currents  and 
possess  considerable  impedance. 

Among  the  many  phenomena  concerning  the 
behavior  of  movable  secondaries  in  such  a  rapidly 
alternating  field  are  the  following,  viz.: 

(t.)  A  metallic  ring,  resting  on  lugs  attached 
to  the  coils  of  the  primary,  is  thrown  violently  off 
the  magnet  on  the  passage  of  alternating  currents 
through  the  primary, 

(2.)  Two  metalhc  rings  of  the  same  diameter- 
brought  into  the  field  are  mutually  attracted  to 
»ch  other,  with  sufficient  force  to  sustain  the 
weight  of  one  of  the  rings  when  the  other  ring  is 
held  in  the  Rcld. 

(3-)  Metallic  spheres  are  set  into  rotation  when 
so  held  near  the  primary  pole  as  to  be  shielded 


from  the  action  of  part  o£  the  rapidly  alternating^ 
^t^d.  When  held  on  one  side  of  the  pole,  iSuBfl 
rotation  occin-s  in  the  opposite  directioii  lo  that  ~ 
when  held  on  the  opposite  side. 

(4.)  Metallic  discs  similarly  placed  ajic  sum- 
larly  set  into  rotation, 

(5,  J  The  speed  ot  rotation  of  spheres  or  discs 
varies  in  different  positions. 

(6.)  Spheres  or  discs  of  diamagnetic  substances 
attain  their  maximum  rotation  when  held  in  posi-] 
tion  at  right  angles  to  those  of  paramagnetic 
stances. 

{7.)  Bare  of  steel  or  substances  posscssitig  high 
coercive  power,  placed  dissymmetrically  on  the 
primary  as  regards  their  centres  of  gravity,  ex- 
hibit the  phenomena  of  a  shifting  magnetic  field. 
(See  Fieitt,  Ma^n£tic^  Shifting) 

(8.)  A  wedge-shaped  piece  of  steel  placed  with 
a  fiat  face  on  the  primary,  exhibits  a  shifting 
magnetic  Held,  and  acts  on  movable  metaUic 
masses  near  it»  just  as  though  a  fluid  sabstance 
was  escaping  with  great  velocity  from  its  edges. 

Secondary  Movers,— (See  Movers,  Second- 
ary) 

Secondary  Plate  of  Condenser* — (See 
Plate.  Secondary,  of  Condenser) 

Hecondary  SplraK— (See  Spiral,  Second- 
ary) 

Secretion  Current— (Sec  Current,,  Secre^ 

tion) 

Sectbn  Line  of  Electric  Railway.— (Sec 
Railroads,  Electric^  Section  Lin£  of)  fl 

8eelion»  Neatral,  of  Magnet A 

section  passing  through  the  neutral  line  or 
equator  of  a  magnet,     (Sec  Line,  NeutraU^k 
of  a  Magnet.    Magnet,  Equator  of)  W 

Section,  Trolley A  single  contin- 
uous length  of  trolley  wire*  with  or  withootj 

its  branches. 

Sectional    or  DfTtded  Orerhead  System] 
of  Motive  Fovrer  for  Electric  Railroad^—] 

(See    Railroads,  Electric,  Sectional   Ot^er'- 
head  System  of  Motive  Power  for) 

Sectional  or  Dhlded  Surface  Systcfli 
Motive   Tower  for  Electric  BaUrvMiia.- 

(Sce  Railroads,  Electric,  Se€iiamiSurf0^ 
System  of  Motive  Power  for,) 


I 
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Sectional  or  Bl?Ided  rndergrronnd 
Sjstem  of  Motive  Power  for  Electric  Rail- 
raatls. — (Sec  Railroads,  EUctric,  Sectional 
Underground  System  of  Motive  Power  far  ^ 

Sectional   Plating.— (See  Plating,    Sec- 

Sectional  Flatlag  Frame. — {See  Frames, 
S4Cttonai  Plating,) 

Seebecic  Effect— (Sec  Effect,  Seeteck) 

Seisiuogrraphf  Electric An  appa- 
ratus for  electrically  recording  the  direction 
and  intensity  of  earthquake  shocks, 

Sebinograplt.  Micro  — -  —An  electric 
apparatus  for  photographically  registering 
the  ^nbrations  of  the  earth  produced  by  earth- 
quakes or  other  causes. 

The  micTo-scismograph  consists  cssentiaily  of  a 
xnicrophoDC  placed  on  the  ground  and  connected 
■irith  a  telephone.  A  small  concave  mirror  mova- 
ble about  a  horizontal  axis  is  supported  on  a 
pUte  of  aluminium  supported  on  a  platinum  wire 
connected  with  the  diaphragm  of  the  telephone. 
The  movements  of  the  diaphragm  of  the  telephone 
are  permanently  recorded  on  a  strip  of  sensitized 
paper  that  is  moved  before  the  mirror, 

SelectlTe  Absorptlofi,^(Sec  Abs&rptim, 
Selective) 

Selenium* — A  comparatively  rare  clement 
generally  found  associated  with  sulphur. 

Menfam  Battery.— (See  Battery,  Selen- 
ium.y 

Seleninni  CelK— (Sec  Cell,  Selenium) 

Selenltiiu  Eye.— (See  Eye,  Selenium) 

Selenium  Photometer,^ (See  Photometer, 
Selenium) 

^IModnced  Current.— (Sec  Currents, 
Sel/'Induced,) 

ge1Mj]duitlon.*-(See  Induction,  Self) 

SelMnduetion,  Co-efBeieut  of (See 

Induction,  Self  Coefficient  of) 

SelfRecording  Magnetometer.— (S  e  e 
Magnetometer,  Self -Recording) 

Seir-Eeriatering  Wire  Ganfe.  —  (Sec 
Gauge,  Wire,  Self -Registering) 

Self-winding  Clock.— (Sec  Clock,  Self- 
winding) 


Semaphore.— A  variety  of  signal  apparatus 
employed  in  railroad  block  systems. 

The  semaphore  used  on  the  Pennsylvania  Rail- 
road consists  of  a  wooden  post,  in  the  neighbor* 
hood  of  twenty  feet  in  height,  on  which  a  wooden 
arm  or  blade  six  feet  in  length  and  a  foot  in 
width,  is  displayed. 

When  the  block  is  clear,  during  the  day  the 
arm  is  placed  pointing  downwards  at  an  angle  of 
75  degrees  with  the  horizontal ;  during  night 
semaphore  displays  a  white  light*  When  the 
blcMck  is  not  clear,  the  arm  or  blade  is  placed  In  a 
horizontal  position  by  day,  or  displays  a  red  light 
at  night.     (See  Roilroads,  Slack  System  fttr.) 

Semaphore  Arm.— (See  Arm,  Semaphore^ 

Semaphore  Indicator. — (Sec  Indicator^ 
Semaphore) 

Sender,  Zinc A  device  employed 

in  telegraphic  circuits,  by  means  of  which,  in 
order  to  counteract  the  retardation  produced 
by  the  charge  given  to  the  line,  a  momen- 
tajy  reverse  current  is  sent  into  the  line  after 
each  signal. 

A  line  sender  generally  consists  of  a  low  resist- 
ance Siemens  relay  introduced  between  the  line 
and  the  Eront  contact  of  the  signaling  key. 

Sensibility,  Electro —An  effect  pro- 
duced on  a  sensory  nerve  by  its  electrization. 

Sensibility  ©f  Galvanometen— (See  Gal- 
vanometer, Sensibility  of) 

Sensitire  Thread  Hi §c barge.— (See  Dis- 
charge, Sensitive  Thread.) 

Separate  Coll  llynamthElectro  Machine. 
— (See  Machine,  Dynamo-Electric,  Separate 
Coil) 

Separate  Touch,  Magnetization  by 

— (See  Touch,  Separate) 

Separately  Excited  Dynamo. — (See  Dy* 
namo.  Separately  Excited) 

Separately  Excited  Dynamo- Electric 
Machitie, — (See  Machine,  Dynamo-Electric, 
Separately  Excited) 

Separator. — An  insulating  sheet  of  ebonite, 
or  other  similar  substance,  corrugated  and 
perforated  so  as  to  conform  to  the  outline  of 
the  plates  of  a  storage  battery,  and  placed 
between  them  at  suitable  intcrvalsi  m  such  a 


Ser.]               "^i^^^^           472  ^^^^M"         [Ser. 

manner  as  to  avoid  short-circuiting^,  without  The  difference  in  potential  between  zinc  and 

impeding  the  free  circuJatioii  of  the  liquid.  carbon  a  e<iual  to  1.0*9,  and  is  obtained  by  add- 

Series    and    Mugneto   Djniuno-Electric  ine  the  successive  differences  of  potential  bet«a 

«     .,           ,r^       ,r     f  '        m                I-/    ^    '  the  intermediate  couples,  thus: 
MAClliJie.^(Sce  MachnUt  Dynamo^Electrtc, 

Seri^  and  Magnate.)  .2,o  +  .o69+.3i3  +  '46+ .238+.it3=i.o89. 

Series  and  Sepwitely  Excited  Dniam*-  l^^s  ^«  "  l""""  lechnicafly  as  Volta's  Lam, 

Electric  Mnfliii.e.-(See  MackiHe.  Dynamo-  '^ch  may  be  fornmUted  as  follows : 

Electric,  Series  ami  Separately  Exched.X  Th^  difference  of  potential,  frodu^edh,  tkeeon. 

iact  of  any  tiuo  mftais,  is  equel  io  the  s%tm  pf  (kr  ^ 

Series  and  Sfiiiiit-Wonnd  DynamoElec-  jij^^,,  0/ potentials  ^tmem  tk*  mttrmemm^ 

trie    machine.— (See    Machine,    Dynamo-  metals  in  the  contact  series. 

EUctric.  Series  and  SAunt-Wound.)  g^^,^^    Distribution   of    El^trieltv  hf 

Series  Clrcait--(&eOy.«/V.5.W«.)  constant  Carrents.-{See  Electricity,  Sc- 

Series-Connected  llattery.-(See i?«//^ry.  ^.^^  Distribution  of,  by  Constant  Current 

Series-CottHccfed.)  Circuit  1 

Series-Connected  Elcctro-tteecptlYC  De-  sliries-M.iltii.ie.-A    series    of    multiple  ' 

Tlee8.-(See  Devices.  Electro-Receftive.  Se-  connections.   {See  Circuit.  Series-Multifile?, 
rtes^Connected.) 

Series-Coniif^cted  Elect ro-Reeept ire  Be-  Serlc^MuUlple    Circult-<Sce    Ciriuii, 

▼lc«s  Aiitomntic   CiiUmt   for (See  Series-MultipU\) 

Cui^mt,  Auiomaiic.  for    Serm-Conmcted  Series.  Mult  iple-C'ou  nee  ted  ElH-tro-Ee- 

Eiectro-RccepUve  Dnnces:)  <^*^l»<*^«  llevkeH.-(See  Devices.  Elecir^R^ 

Serles-Conneclcd  Sotirc«^-(See  Sources^  ^^^^^^'  ^^rics-MultipU-CannicUd.) 

Stries-Connecfed:)  SerIe»-Miilliiile-Coiiiiect^d      Sonrert;^ 

*  8eri«M)oiiii«cled    TratistUtlng  \kt\\^%.  (Sec  S<mr€t$,  Series-MititipU'Connrclfd.) 

— (See    Devices,    Translating^  Series-Can-  Serie8-Multiplt»-0<nin<>cted    Trajudatiiur 

netted.)  llevices.^(See  Z?tfx//*.vj,  Translatift^   ^x,... 

Berieg-Conuectod     Toltalc    Cells.— (See  Multipie^Connected) 

Ceils,  Voliaic,  Series-Cannected,)  Series-Multiple  Cotinectioii,— (Sc€   C^n^ 

Series     Connection,— (See     Cminectim,  nection,  Serics-Muttipie^ 

Series?^  Si^ries,    Parnllel A    Icirn    somt^ 

Series,  Contnct A  series  of  metals  ijmes  applied  to  a  multiple-scries  conneciion. 

airanged  in  such  an  order  that  each  becomes  (See  Connection,  Alu/tip/e-Series,) 

positively  electrified  by  contact  Nvith  the  one  ^^^  Thenno^E  lee  trie ^A  Ksi  of 

that  follows  »t.  nielals  so  arranged  accortling  to  their  ther- 

The  contact  values  of  some  metals,  accordinir  i*-              _*u*         u *i-      -*». 

^    .     ,         ,  ^                   ^ ,,          *              ^  mo-electnc  powers,  that  each  metal  m  ue 

to  Ayrton  and  Perry»  are  as  follows:  ...                  .  ,                           ,  , 

series  is  electro- positive  to  any  metal  lower  in 

CONTACT  SERIES,  ^he  list. 

Difference  of  Potential  in  Volts,  Series-Transfomier,- (See  Transformer, 

Zinc \  Series,) 

^-*^ I Series  Turns    of  I^jnarao-Electrlc    M»- 

«Sr "  [■ •   «o69  chine.— (See    Turns,   Series,    of 

4ji|^ I  Electric  Machine^ 

\t^..\\\\\\\\  \ 3«3  Series  Winding,— (See  Winding,  Sett 

Jf«* •  •  •  - I ,^5  Series- Wound   Djnnnio.— (See    Dynam^f^  I 

«°?^ I  Series,) 

PlS^m  .'.*.'.'.;  } • ^38  Series-Wound  Bjitam<i-Eleetrle  Kjidilae. 

Platiniim 1  ^(See  Machine,  Dynamo-Electric,  Series^ 

Carbon.; f "J  IVound.j 
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8«rie9-Woaiid   Motor,— (Sec  Motor,   Se* 

Sertice  Conductors,— (See  Conductors, 
Service,) 

S^Tvlee,  Street In  a  system  of  in- 
candescent lamp  distribution  that  portion  of 
the  circuit  which  is  included  between  the 
main  and  the  service  cut-out 


Serrln^,   CaWe 


-The    covering    of 


hemp  or  jute  spun  around  the  insulated  core 
of  a  cable  to  act  as  a  protection  against  the 
pressure  of  the  iron  wire  which  forms  the 
armor  of  the  cable. 

Skaclding  A  Wire, — Inserting  an  insula- 
tion between  the  two  ends  of  a  cut  wire. 

SJuMied  or  Screened.- Cut  off  or  screened 

from  the  effects  of  an  electrostatic  or  mag- 
netic field.  (See  Screening,  Magnetic,  Screen, 
Magnetic,    Screen,  Electric,) 

SJudoif,  Electric A  term  some- 
times used  for  molecular  shadow*  (Sec 
S/iat/€KL\  Molecular,) 

8liaUo>ir,  Xolecnlar The  compara- 
tively dark  space  c*n  those  parts  of  the  walla 
of  Crookes'  tubes,  which  have  l:>een  protected 
from  molecular  bombardment  by  suitably 
placed  screens. 


If  ft,  in  tbeCrookcs  tul>c,  shown  m  Fig,  501, 
be  connected  with  the  negative  pole  of  an  elcc^ 
trie  tource,  and  the  cross-shaped  mass  of  alu^ 
Binium  at  b,  be  connected  with  the  positive  clcc 
de»  on  the  pAsatge  of  a  scries  of  rapid 
^charges,  ph&sph&reicfnu  is  produced  by  the 
nolecdar  bombardment  from  a^  in  all  parts  of 
I  v^ttd  opposite  a,  except  those  lying  in  the 


projection  of  its  geometrical  shadow.  {See  Pkos- 
phoresinue^  Electric.) 

Sfiadoir  Photometer.*^See  Photometer, 

Shadmvl) 

Shaft,  Briven *A  shaft  which  re- 
ceives its  power  from  the  driving  shaft.  (See 
Mcn/er,  Prime,) 

Shaft,  Brlvln^ The  main  line  of 

shafting  which  takes  its  pov^rcr  directly  from 
the  prime  mover. 

Shallow  Water  SnhmaHne  Cable.— (Sec^ 
Cable,  Submarine,  ShallaW'  Water ^ 

Sheath,  Protective A  device  at- 
tached to  a  transformer  or  converter,  to  pre* 
vent  any  connection  from  taking  place  between 
the  high-potential  primary  circuit  and  the 
tow-potential  secondary  circuit 

The  protective  sheath  devised  by  Prof.  Elihu 
Thomson  consists  essentially  in  j>n  earth -con* 
nected  copper  strip  or  divided  plate  interposed 
between  the  windings  for  the  secondary  and  pri* 
mary  circuit.  Should  the  primary  circuit  lose  its 
high  insulation  it  becomes  grounded. 

Sheet,  Current  -The    sheet    into 

which  a  current  spreads  when  the  wires  of 
any  source  are  connected  at  any  two  points 
near  the  middle  of  a  very  large  and  thin  con- 
ductor, 

A  continuous  electric  current  does  not  flow 
through  the  entire  mass  of  a  conductor  in  any 
lingle  line  of  direction*  If  the  terminals  of  any 
source  are  connected  to  neigb boring  parts  of  a 
greatly  extended  thin  conductor,  the  current 
spreads  out  in  a  thin  sheet  known  as  a  eur 
rent  shtet^  and  instead  of  flowing  in  a  straight 
line  between  the  points,  spreads  over  the  plate 
in  mrved  lines  of  j!(nL\  which,  so  far  as  shape  is 
concerned,  arc  not  unlike  the  linei  0/  magucdc 
force, 

Slieet  Liirhtttlttir.  —  (Sec  Lightning, 
Sheet,) 

^HellAC* — A  resinous  substance  possessing 
valuable  insulating  properties,  which  b  ex* 
uded  from  the  roots  and  branches  of  certain 
tropical  plants. 

The  specific  mductive  capacity  of  shellac  as 
compared  with  air  is  2.74. 
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Sbell,  Ma^notlf A  sheet  or  byer 

consisting  of  magnetic  particles*  all  of  whose 
north  poles  arc  situated  in  one  of  the  fiat 
surfaces  of  the  layer,  and  the  south  poles  in 
the  opposite  surface.  (See  Magmtism,  La- 
mellar Diitribution  of.) 

Shell  Transforraer, — (Sec  Transformer^ 

Shell:) 

Shield,  MairneUc,  for  Wfttehes A 

hollow  case  of  iron,  in  which  a  watch  is  per- 
nfianently  kept,  in  order  lo  shield  it  from  the 
influence  of  external  magnetic  fields,  (See 
Screen,  Magnetic)) 

Shirting    Magnetic    Fleld.-^(See   Field, 
Magnetic ,  Shifting^ 
Bhiftlng  Zero.— (See  Zero,  Shifiing) 

§htpB,   Lightning  Rods  for (See 

Rod,  Lightning*  for  Ships,) 

Ship's  Sheathing,  Electric  Proteetlon  of 

— Attaching  pieces  of  zinc  to  the  copper 

sheathing  of  a  ship  for  the  purpose  of  prevent- 
ing the  corrosion  of  the  copj>er  by  the  water, 
(Sec  Metals,  Electrical  Protection  of) 

Shoek,   Break A  term  sometimes 

employed  in  electro-therapeutics  for  the 
physiological  shock  produced  on  the  opening 
or  breaking  of  an  electric  circuit. 

81l<>ekt  Electric The  physiological 

shock  produced  in  an  animal  by  an  electric 
discharge. 

Shock,  Opening —The  physiological 

shock  produced  on  the  opening  or  breaking 
of  an  electric  circuit* 


Shock,  Static 


-A  term  employed  in 


electro- therapeutics  for  a  mode  of  applying 
Franklinic  currents  or  discharges,  by  placing 
the  patient  on  an  insulating  stool  and  apply* 
ing  one  pole  of  a  static  machine  provided 
with  small  condensers  or  Leyden  jars,  to  an 
insulated  pkuform  on  which  the  patient  is 
placed,  while  the  other  pole  is  applied  to  the 
body  of  the  patient  by  the  operator. 

The  electrode  applied  to  the  Ixsdy  of  the  pa- 
tient is  provided  with  a  ball  electrode.  Shocks 
are  given  to  the  patient  on  the  approach  of 
this  electrode  by  the  discharge  of  the  Leyden 
jars« 


Short-Are  Sjratem  of  Electric  LfghtJai, 
— (Sec  Ligktit^,  EUctric,  SkarUArc  Sys^ 

tem.) 

Short-Circuit— To  establish  a  short  i 
cuit.    (See  Circuit,  Short,) 

Short-Clrcutt    Key.— (Sec   A'ey,   Skt^ 

Circuit.) 

Short-drcnltlng.— Esublishing  a  short 
circuit.     (See  Circuit,  Short,) 

Short-circuiting  Plug.— (Sec  P%. 
Short'Cir cutting,) 

Short-Coil  Magnet— (See  Magnet,  Skm- 

Coil,) 

Short-Cor©  Electro-Magnet — (Sec  Ma^'^ 
net.  Electro,  Short-Core,] 

Short-Shnnt    Coinponnd-Wotind   Dynt* 

ino-ElectHc  Machine. — (See  Machine^  Vy-, 
n  am  0- Electric,  Compound- Wound,  Short- 
Shunt.) 

Shunt — An  additional  path  established 
for  the  passage  of  an  electric  current  or  dis- 
charge. 

Shunt — To  establish  an  additional  path 
for  the  passage  of  an  electric  current  or  dis- 
charge. 

Shunt  and  Separately  Excited  Djnamo- 
Electric  Machine.— (Sec  Machine,  Dymtm^- 
Electric,  Shunt  and  Separately  Excited,) 

Shunt  Circuit— (Sec  Circuit,  Shunt,] 

Shunt  Dynamo-Electric  Moehine*— {See 

Machine,  Dynamo-Electric,  Shunt-  Wowd^ 

Shunt    Eleetrlc   Bell —(Sec  Bill 

Shunt,  Electric) 

ShuJit  Electro-Magnetic —In  a  sys- 
tem of  telegraphic  commtmication  an  electro- 
magnet  whose  coils  are  pbced  in  a  shunt 
circuit  around  the  terminals  of  the  receiving 
relay* 

The  electro-magnetic  shunt  operates  hf  iti 
sclf'ind action.  Its  poles  arc  permanently  closed 
by  a  soft  iron  armature  so  a^  to  reduce  the  rts^ 
ance  of  the  magnetic  circuit*     (See  Indm 
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On  making  the  circuit  in  the  coils  of  a  receiv- 
ing rel^jt  a  current  is  produced  in  the  coib  of  the 
ekctro.  magnetic  shunt  in  the  opposite  dinctimt 
to  the  relay  current;  and,  on  breaking  the  drcuit 
in  the  relay «  a  current  is  produced  in  the  coils  of 
the  dectrO'inagnetic  shunt  in  the  sam€  dirtction 
IS  the  current  in  the  relay. 

The  connection  of  the  coils  of  the  electro-mag- 
netic shunt  with  those  of  the  receiving  relay,  how- 
ever, is  such  that  on  making  the  circuit  in  the 
relay  the  current  in  the  shunt  coils  flows  through 
the  relay  in  the  same  direction^  and  on  breaking 
the  circuit  it  flows  in  the  opposite  direction. 
Therefore  this  shunt  produces  the  following  effects: 

(I.)  At  the  commencement  of  each  signal  in 
the  receiving  relay,  it  produces  an  induced  cur- 
rent in  the  same  direction  which  strengthens  the 
current  in  the  relay. 

(2.)  At  the  ending  of  each  signal  in  the  rccctv- 
log  relay,  it  produces  a  current  in  the  opposite 
direction^  which  hastens  the  motion  of  the  tongue 
of  the  polarized  relay*    \^tt  Relay ^  Polarited.) 

Shunt,    Galvanometer A   shunt 

placed  around  a  sensitive  galvanometer  for 
the  purpose  of  protecting  it  from  the  effects 
of  a  strong^  current,  or  for  altering^  its  sensi- 
bility.    (See  JAi/«/ ) 

The  current  which  will  flow  through  the  shunt 
wire  depends  on  ^e  relative  resistance  of  the  gal- 
vanometer and  of  the  shunt.     In  order  that  only 

total  curtent  shall  pass 
through  the  galvanome- 
ter, it  is  necessary  that 
the  resistances  of  the 
ihunt  shall  be  the  \^  ^, 
or  ^,  of  the  galvanom- 
eter resistance. 

Fig.  502  shows  a 
ahunt^  in  which  the  re* 
ststances,  as  compared 
with  that  of  the  galva- 
nometer, are  those  above 
referred  to.  The  galva* 
nometer  terminals  are 
oonnected  at  N,  N.  Plug 
keys  »rc  used  to  connect  one  or  another  of  the 
ihants  with  the  drcuit.     (See  Skunt^  Multiplying 

Shmit    Magnetic An    additional 

path  of  magnetic  material  provided  in  a  roag- 
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netic  circMii  for  the  passage  of  the  lines  o£ 
force, 
Shunt,  MuHlpIjiag  Power  of  - —  ^A 

quantity,  by  which  the  current  flowing  through 
a  galvanometer  provided  with  a  shunt,  must 
be  multiplied,  in  order  to  give  the  total  cur- 
rent. 

The  multiplying  power  of  a  shunt  may  be  de- 
termined from  the  following  formula,  viz, : 

A  =  (}^^  X  C.  in  which  ^ili  =  the  mul- 
tiplying power  of  a  shunt  whose  resistance  is  s; 
g^  is  the  galvanometer  resistance;  C,  the  ciurent 
through  the  galvanometer,  and  A^  the  total  cur- 
rent passing;  s  and  g,  are  taken  in  aAmSf  and  C 
and  A,  in  ampdres. 

Suppose,  for  example,  that  but  ^  the  entire 
current  is  to  flow  through  the  galvanometer;  then 
the  resistance  of  the  shunt  must  evidently  be  (  g. 
for, 

a I     _  1  ^ 

or»  to s  =  s-|-g-     10  s  — s^  g  ,'.  9  s:=g;  or, 

Shunt  or  Redtict^nr  for  Ammeter, — (See 
Rcditcttur  or  Shunt  for  Ammeter.) 

Shunt  Ratio,— The  ratio  existing  between 
the  shunt  and  the  circuit  which  it  shunts 
(See  Shunt,  Afultiplying  Pmser  o/,) 

SImnt,  Relay,  Stearns*   — A  shunt 

employed  in  the  differential  method  of  duplex 
telegraphy  to  short-circuit  the  relay  and  then 
permit  the  line  current  to  be  cut  off  directly 
after  it  has  completed  its  work  in  closing  the 
local  circuit. 

TKc  use  of  the  relay  shunt  permits  the  ilacken- 
ing  of  the  armature  spring  of  the  relay,  because 
the  decreased  duration  of  the  line  current  doeii 
not  produce  so  strong  a  magnetization  of  the 
iron. 

Shunt-Tarns  of  Bynamo-Ekotric  Ma- 
chine.— (See  Turns,  Shunt,  of  Dynamo- 
Electric  Machine,) 

Shiint'Woutiil  BynamO' Electric  Ma- 
chine.— (See  Machine,  DynamthEUctric^ 
Shuni^  Wound.) 

Shunt- Wound  Motor,  —  (Sec  Motor. 
Shunt-Wound:^ 
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Slmnting.— Establishing  a  shunt  circuit. 
Shuttle      Anuatur<*.— (See      Armaturr, 

Side  A,  nf  4}aadnii»lex  TAble.—{See  Tabh, 

Quadrupiex,  A,  Side  o/,) 

Side  B,of  IJiindniplex  TaMe.— (See  Ta^/^, 
Quadrupiex,  B,  Sidf  of,) 

Side  Flash.— (See  Flask,  Side.) 

Sldero-Ma^netlc. — (See  Magneiic^  Side- 

ra.) 

Slenieiks'  -  Aramtiire  Electro-Magnetic 
Bell. — (See  BdhEUdro-Magnetic,  Siemens* 
Armature  Form,) 

Siemens*  BiflTerentlal  Voltameter,— (Sec 
VaUameier  Sietnens  Differentia^ 

Siemens'  Electric  Pjremeter.— (See  Py- 
rometer, Siemens'  Ehctric.) 

Sieniens-Halske  Voltaic  CoIL— (See  Ceil, 
Voltaic,  SiemeftS'Hiilsk^.) 

Siemens*  Water  P^rronieter. — (See  Py- 
rometer,  Siemens    Water*) 

Siirnal  Arm.— (See  Arm,  Signal.) 

S%Dal»    Electrfe    TelUTale  —An 

electrically  operated  signal,  generally  silent, 
whereby  the  appearance  of  awhile  or  colored 
disc,  on  a  black  or  otherwise  uniformly 
colored  surface,  indicates  the  occurrence  of 
a  certain  predetermined  event. 

Signal  Service  for  Electrie  Rallwaj^— 
(Sec  Railroads,  Electric,  Signal  Service 
System  for,) 

Sigrnals,  Electro-Pneumatic  — ^Sig- 

nals  operated  by  the  movements  of  dia- 
phragms or  pistons  moved  by  compressed 
air,  the  escape  of  which  is  controlled  electri- 
cally. 

SlgnaUufT  Balloon,  for  Hilltary  Pnr- 
imes  ~  —Transmitting  inielligencc  of  the 
movements  of  an  enemy's  army  obtained  from 
observations  made  in  balloons  by  means  of  tel- 
ephone circuits  connected  with  the  balloon. 

Signaling,  Cnrli —In  cable  teleg- 
raphy a  s)^tem  for  avoiding  the  effects  of 
retardation  by  rapidly  discharging  the  cable 
before  another  electric   impulse  is  sent  into 


it,  by  reversing  the  battery,  before  connecting 
it  to  earth,  and  then  connecting  to  earth  be- 
fore beginning  the  next  signal. 

Signaling,  Beiibie-Cnrb In  ctirb 

signaling,  a  method  by  which  the  cable,  after 
being  connected  with  the  baiter)^  for  sending 
a  signal,  is  subjected  to  a  neverse  battery,  but 
instead  of  being  put  to  earth  after  this  con- 
nection, as  in  single-curb  signaling,  the  bat- 
tery is  again  reversed  and  connected  to  eartli. 

The  time  during  which  the  cable  is  connected 
to  the  rex'erscd  battery  before  being  put  to  earth, 
that  hi  the  time  during  which  it  receives  the 
positive  and  negative  currents,  may  be  made  of 
any  suitable  duration. 

Signaling,  Bouble-Current Signal* 

ing  by  means  of  currents  that  aliemately 
change  their  direction. 

Double-current  signaling  was  devised  hj  Var- 
ley  in  order  to  avoid  the  effects  of  the  tndoctioa 
of  underground  conductors  on  Morse  tele- 
graphic apparatus.  The  idea  of  reversing  the 
direction  of  the  current  was  to  hasten  Ac  dis- 
charge of  the  wire,  which  was  prolonged  by  in- 
duction. Double-current  working,  however, 
possesses  other  advantages,  and  is  used  in  duplex 
and  quadruple*  transmission. 

Signaling.  Single-€arb In  curb 

signaling,  a  method  by  which  the  cable,  after 
connection  with  the  batter)^  for  sending  a 
signal,  is  subjected  to  a  reverse  battery  cur- 
rent, and  then  put  to  earth  before  again  being 
connected  to  the  battery  for  sending  the  next 
signal* 

Signaling,  Slugle-Cnrreut Signal- 
ing by  making  or  breaking  the  circuit  of  a 
single  current, 

Singlc^urreot  signaling  is  of  two  kiods,  vii.; 

(i.)  OptnXircuit  Signalimg.,  in  which  the  hit* 
teriei  are  fixed  at  each  station,  and  are  in  circuit 
only  when  signaling, 

(2.)  Cloifd  Circuit  SigmaUng,  where  the  hkU 
teries  are  divided,  one  half  generally  being  at  «kIi 
end  of  the  line,  and  so  connected  that  both  aelB 
dow  in  the  same  direction, 

Signaling,  Slngte^Cnmint,  CloBed-Clrenll 

— A  system  of  single-circuit  signaling  ta 

which  the  sending  batteries  are  placed  al 
each  end  of  the  line  and  are  so  connected  aft 
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to  remain  always  in  circuit.     (Sec  Signalings 
Single-  Current.) 

Signaling,  Single-Current,  Open-Circnit 

A  sj-^stem  of  single-current  signaling 

^  which  the  sending  batteries,  fixed  at  each 

Lticm,  are  in  circuit  during  signaling  only. 
(Sec  Signaling,  Singlg-Curreni,) 

Siintftllng,  Yelocity  of  Transmi^Iou  of 

— The  speed  or  rate  at  which  successive 
ignals  can  be  sent  on  any  line  without  the 
■lardation    producing  serious   interference. 
(Sec  Reiardaii&n^ 

Silent  DiAchai^e. — (See  Discharge,  Si- 
le/iL) 

Silver  Bath.— (See  SalA,  Sih/er.) 

Slhpr  Chloride  Yoltalc  Cell.— (See  Cell, 
Volt  a  it.  Silver  Chloride^) 

8il?er  Flatin^.— (Sec  Platiftg,  Silver:^ 

**nver     Voltatneter,— (See     Voltameter, 
'ih'er,) 

811  vered  Pliiiiihj4^o.~-(Sce  Plumbago,  Sil- 
7/ered.) 

SUferlng,  Electro Covering  a  sur- 
face with  a  coating  of  silver  by  electro-plat- 
ing.     (See  Plating,  Electro.) 
Electro-plating  with  silver. 
^P    SHotob    Electricns.— The    electric    eel 
^fSec  Eel,  Electric:) 

Simple  Arc,— (See  ^rr,  Simple:) 

t  Simple  Clreuit.— (Sec  Circuit,  Simple.) 
Simple    Electric    randlf'-Bitrner.— (See 
urner.  Simple  Candle  Ehctric.) 
Simple- Harmonic  Cnrrent — (See    Cur- 
rtni,  Simple-Harmonic) 

Slmple-Harmonic    €nrTe.--(Sec    Curvet 

Simple-Harmonic:) 

Simple-Harmonic  Motion* — (See  Motion, 
Simple- Harmon  ic) 

Simple  Magnet— (See  Magnet,  Simple,) 
Simple-Periodic     Current— (See     Cur- 
remts.  Simple- Periodic:) 

Simple-Periodic  EleetromotiYe  Force. 
— <See  Force,  Electromotive,  Simple- 
periodic.) 


Simpie-Periodio  Motion.- (See  Motioft^ 

Simple-Periodic:) 

Simple  Kadieal.— (See  Radical,  Simple,) 

Simple-Sino  Motion, — (See  Motum^ 
Simple-Sine,) 

Simple  Toltalc  C^U.— (See  CeH.  VifUaic, 

Simple.) 

Simplex  Telegraphy. — (See  Telegraphy, 

Simplex:} 

Sim^EdlBon  Torpedo,^(See  Torpedo, 
Sims-Edison*) 

Sine  Oalf  anometen — (Sec  Gaivanameter, 

Sine.) 

Sint^le-Brnsh      Rocker,— (See     Rocker, 

Single-Brush,) 

Single-Cup    Insnlftton- (See  Insulator. 
Sif^U-Shed,) 
Single  Corh.— (See  Curb,  Single.) 

Siiigle-Curreiit  Signalitig.^(See  Signal- 
ing, Single-Current:] 

Single-CarTe  Trolley  Manger, — (Sec 
Hanger,  Single-Cun'c  Trolley:) 

Single-FliiJd  Hypothesis  of  Electricity. 
— (See  Electricity,  Single- fluid  Hypothesis 

Single-Flnid   Yoltaic     Cell.— (See    Cell, 

Voltaic t  Single- Fluid.) 

Single- Loop  Armature.— (See ^riwa/iir^, 
Single-Lo<^.) 

Single-Magnet  ByngmoEleetrfe  Ha- 
ehlne.—  (See  Machine,  Dynamo-Electric, 
Single- Mag  net.) 

Single-Pair  Yoke.- (See  Yoke,  Single^ 
Pair.) 

Single-Shackle  Insnlator.— (See  Insula- 
tor, Single- Shackle.) 

Slng]e*Shed  Insulator,- (See  Insulator, 

Single-Shed.) 

Single-Stroke  Electric  Bell.— (See  BeU, 
Single- Stroke  Electric) 

Single  Toncli,—(See  Touch,  Single) 

Single-Wire  Cahle,— (See  CaNe,  Stifle- 

Wire:) 
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Single-Wire      Circuit,— <Scc      Circuit, 
Single-  Wire^ 
Slulstrorsat  Solenoid  or  Helix.'-(See  5^ 

ienoid^  Sinistrersai.) 

Siimoui  Cmrents,— (Sec  Current,  Sinu^ 

ous,) 

Siphotit    Electric  — A    siphon   in 

which  the  stoppage  of  flow,  due  to  the 
gradual  accumulation  of  air,  is  prevented  by 
electrical  means. 

In  the  electric  siphon,  an  opening  is  provided 
at  the  highest  part  of  the  bend  of  the  siphon  tube, 
and  a  chamber  is  attached  thereto,  provided  with 
a  float.  Contact  points  are  so  connected  with  the 
float  that  when  it  falls,  contact  is  made,  and  when 
it  rises,  contact  is  broken. 

The  closing  of  the  circuit,  on  the  fall  of  the 
float,  operates  an  electric  motor  which  drives  an 
air  pump  which  exhausts  the  air  from  the  siphon. 
Or  the  float  being  raised  in  the  siphon^  the  con- 
tact  is  broken  and  the  operation  of  the  pump  is 
stopped. 

Siphon   Becorden— (See    Recorder,    Si- 

Sir  William  Thouiiiofi*H  Standanl  Ci^lt^ 
(See  Ceil,  VoUaU,  Standard,  Sir  WHHam 
Tkams&n's.) 

Skin  EiTect.— (See  Effect,  SJtin.) 

Skin,  Faradization  of —The  thera- 
peutic treatment  of  the  skin  by  a  faradic  cur- 
rent. 

For  efficient  fiaradization  the  skin  should  he 
thoroughly  dried  and  a  metalLic  brush  or  elec- 
trode employed.  For  very  sensitive  parts,  as, 
for  example,  the  face,  the  hand  of  the  operator, 
first  thoroughly  dried,  is  to  lie  preferred  as  an 
electrode. 

Skin,  Hnman,  Electric  BeslMtance  of 

— The  electric  resistance  offered  by  the 
skin  of  the  human  body. 

The  electric  resistance  of  the  skin  is  subject  to 
marked  differ  en  ccs  in  difiercnt  parts  of  the  body, 
where  its  thickness  or  continuity  varies.  It 
varies  still  more  with  variations  in  its  condition  of 
moisture.  Even  in  the  same  individual  the  re- 
sistance varies  materially  under  apparently 
similar  conditions. 

SlecTC,  Insulatingr — A  tube  of  treated 

paper  or  other  insulating  material,  provided 


for  covcring^  a  splice  in  an  insulated  con* 
ductor. 

Sloere  Joint— (Sec /c»f«/,  Sieepe.) 

Sleeve,  Lead A  lead  tube  provided 

for  making  a  joint  in  a  lead-covered  cable 

Sled. — The  sliding  contacts  drawn  after  a 
moling  electric  railway  car  through  the  slotted 
underground  conduit  containing  the  wires  or 
conductors  from  which  the  driving  ciurcnt  is 
taken, 

Slide  Bridge,— (See     Brii^e,     Electric, 

Slide  Form  of,) 

Slide,  Re^d^ttance  ^^  — A  rheostat,  in 
which  the  separate  resistances  or  coils  arc 
placed  in  or  removed  from  a  circuit  by  means 
of  a  sliding  contact  or  key. 

Apparatus  employed  in  telegraphy  for 
charging  a  conductor  to  a  given  fraction  of 
the  maximum  potential  of  the  batter)*  na  as 
to  adjust  its  charge  in  order  to  balance  the 
,  varying  charge  of  a  cable. 

The  resistance  slide  consists  essentially  of  a  set 
of  resistance  coils  of  high  insulation  and  of  equa! 
resistance.  Suppose,  for  example,  ten  such  equal 
coils  to  be  connected  in  series,  then  if  connected 
to  the  charging  battery  the  potential  will  vary  by 
one- tenth  at  the  junction  between  each  pair.  A 
condenser,  therefore,  will  be  charged  to  any 
number*  of  tenths  of  the  potential  of  the  charging 
battery  by  connecting  it  at  suitable  points, 

A  second  set  of  coils  of  equal  resistance  is  ar. 
ranged  so  as  to  subdivide  any  of  the  lower  coils, 
thus  permitting  an  adjustment  to  within  a  hun- 
dredth of  the  potential  of  the  battery. 

Slide  Wire,— (Sec  Wire,  Slide.) 

SUdIng  Contact— (See  Contact,  Sliding.) 

SloW'Speed  Electric  Motor,-^Sce  ^«^<^« 

Electric,  Sltrw- Speed,) 

Sluggish  Magttet— (See  Af^gnd,  Sta^- 

gisA.) 

Small  Calorie.— (See  Calorie,  Small,} 

Smee  Toltaic  Cell— (See  Cell,    Veiiaic^ 

Smc€) 
Smelting,  Electro The  separation 

or  reduction  of  metallic  substances  from  their 
ores  by  means  of  electric  currents. 
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Snap  Switch.— (Sec  Swtich,  Snap,) 
'Soaki  ng^-I  u.— A  term  sometimes  employed 
by   telegraphers    to    represent   the  gradual 
penetration  of  an  electric  charge  by  a  neigh- 
boring dielectric. 

An  electric  disptacemcnt  occurs  m  the  neigh- 
boring dielectric,  and  produces  thereby  what  is 
generaUy  called  the  residual  charge; 

S<»Aklii^-Ont, — A  term  sometimes  em- 
ployed by  telegraphers  lo  represent  a  gradual 
discharge  which  occurs  in  the  case  of  a 
charged  conductor  in  a  neighboring  dielec- 
tric. 

When  a  condenser,  or  other  siniiUr  conductor, 
is  discharged,  the  discharge  is  not  instantaneous, 
llie  charge  which  soaked  in,  gradually  recovers, 
or  soaks- out. 

Socket,  Electric  Lamp A  support 


<Rfir-  JO  J,    Lam/  SaeJUi, 

)  reception  of  an  incandescent  electric 
lamp. 

Incandescent  lamp  sockets  arc  generally  made 
so  ihat  the  mere  iusertion  of  the  base  of  the  laiDp 

in  the  socket  completes  the  connection  of  the  lamp 
nals  with  the  terminals  of  the  socket.     The 


socket  terminals  are  connected  with  the  leads  that 
supply  current  to  the  lamp;  the  removal  of  the 
(amp  from  the  socket  automatically  breaks  its  cir- 
cuit.  The  socket  is  generally  provided  with  a  key 
for  turning  the  lamp  on  or  off  without  removing 
it  from  the  socket. 

Figs,  503  and  504  show  forms  of  lamp  sockets 
for  incandescent  lamps  and  the  details  of  the  key 
for  connecting  or  disconnecting  the  lamp  with  the 
leads, 

Hocket,  Wall —A  socket  placed  in  a 

wall  and  provided  with  openings  for  the  inser- 
tion of  a  wall  plug  with  which  tJie  ends  of  a 
flexible  lwin*lead  are  connected, 

A  wall-socket  permits  the  temporary  connec- 
tion of  a  portable  electric  lamp,  a  push  button  or 
other  device  with  the  conductor  or  lead. 

Soft-Drawn  Copiwr  Wire*— (See  Wire, 

Copper,  So/t^Drawn,} 

Baldering,  Electric A  process  for 

obtaining  metallic  joints,  in  which  heat  gen- 
erated by  the  electric  current  is  used  lo  melt 
the  solder  in  the  place  of  ordinary  heat, 

Holenold. — A  cylindrical  coil  of  wire  the 
convolutions  of  which  are  circular. 

An  electro-magnetic  helix.  (See  Soienaid^ 
Eiectro^Magmtk^  or  EUctro-Magneiic 
Helix,) 

A  solenoid  is  termed  dextrorsal  or  sinistrorsal 
according  to  the  direction  in  which  its  wire  is 
wound.  (See  ScUfwU^  DexirorsaL  Soitttaid^ 
Sinistrorsal. \ 

Sulcnold  Core,— The  core,  usually  of  soft 
iron,  placed  within  a  solenoid  and  magnetized 
by  the  magnetic  field  of  the  current  passing 
through  the  solenoid. 

The  soft  iron  core  of  a  solenoid  differa  from 
that  of  an  electro-magnet  in  ihe  fart  thaf  the  coic 
of  the  solenoid  is  mm^iabU,  while  that  of  the  elcc- 
tro>magnet  is  fixed.     (See  Afagnff^  Eii^ttriK) 

In  order  to  obtain  a  nuarly  uniform  pull  in  its 
various  positions  in  the  solenoid,  the  soft  iron  cori.> 
are  made  of  a  shape  which  insures  a  greater  mass 
of  metal  towards  the  middle  of  the  core,  (See 
Burs,  Ayizik's.) 

Solenoid,  Bextrorsal ^  —A  solenoid 

in  which  the  winding  is  right-handed,  (Sec 
Solenoid,  PracticaL) 

Solenoid,  Electro- Magnetic,  or  Eloelro- 
Magiietlc  Helix *— The  name  given  to 
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a  cylindrical  corl  of  wire,  each  of  the  convo- 
hiUcms  of  which  is  circular. 

A  circuit  bent  in  the  form  of  a  helix,  supported 
at  its  two  cxtremiticSi  as  shown  in  Fig,  505,  and 
traversed  by  an  electric  current,  will  move  into 
the  magnetic  meridian  of  the  place,  and,  if  free  to 
move  in  a  verticil  pbne,  will  come  to  rest  in  the 
line  of  the  magnetic  inclination  or  dip  of  the  place. 

A  solenoid  traversed  by  an  electric  current  ac- 
quires thereby  all  the  properties  of  a  magnet,  and 
ia  attracted  and  repelled  by  other  magnets.  Its 
poles  are  situated  at  the  ends  of  the  cylinder  on 
which  the  solenoid  may  be  supposed  to  be  wound. 

Solenoid,  Id^al — A  solenoid  con- 

sistingf  of  a  cylinder  built  up  of  a  number  of 
true  circular  currents,  with  all  faces  of  like 
polarity  turned  in  the  same  direction  and 
entirely  independent  of  one  another. 

The  practical  solenoid  differs  from  the  ideal 
soltiMHd  in  that  the  successive  circular  circuits  or 
currents  are  all  connected  with  one  another  in 
scries. 

The  polarity  of  a  solenoid  depends  on  the  direc^ 
tion  of  the  current  as  regards  the  direction  in 
which  the  solenoid  is  wound. 

This  solenoid  is  sometimes  called  an  electro- 
Hftgnetic  solenoid  or  heHx,  In  order  to  distinguish 


h  from  a  s^Uti^idal  nmgmL    (See  Magmett  S^U' 

i,  if  suspended  so  as  to  be  fre^  to 


move,  will  come  to  rest  in  the  plane  of  tbe  mB(- 
netic  meridian  when  traversed  by  an  oleolric 
current. 

It  will  ako  be  attracted  or  rep«IIcd  by,  the  ap. 
proach  of  a  dissimilar  or  simiUf  *"^gprt  polt 
respectively,  as  shown  in  Fig,  505, 

Solenoid^  Left-Handed Asicitstiioi> 

sal  solenoid  or  one  in  which  the  w*indins  is 
left-handed.     (See  SoUnotd,  Pradicai^ 

Solenoid,  Ma^iiPlic A  sjurai  coil 

of  wire  which  acts  like  a  magnet  when  an 
electric  current  passes  through  it. 

The  magnetic  solenoid  must  be  distinguished 
from  a  solcnoidal  magnet,  (See  Aiapuri^  S^e- 
ncidai.  Solenoid^  Eitctr^-MagTutic^  tfr  Etectrp- 
Magnetit  Ifflix^. ) 

Solenoid,  Practical —The  name  ap- 
plied to  the  ordinary  solenoid  in  order  to  dis- 
tinguish it  from  the  ideal  solenoid.  (Sec 
Solenoid,  Ideal,) 

A  Practical  Solcnmd  consifts,  as  shown  in  Figt, 


505  and  506,  of  a  spiral  coil  of  wire  in  which  thA 
successive  circular  circuits  arc  connected  to< 
another  in  series. 


The  polarity  of  the  solenoid  depends  on  (ke^ 
direciwn  of  the  current,  and  thrrefar<  9m  tlU^ 
direction  of  winding.  In  any  solenoid,  however, 
the  polarity  mtLy  hi  reversed  by  reversing  tfce 
direction  of  the  current     (Sec  Afagnet,  Etec1r^.^,\ 

A  PigAi-Hamded,  orDextrvrstii  S&/lm99^hSM 
wound  in  the  dirtctioti  shown  in  Ti^,  507- at  l. 
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d  Lt/t^MoHiUd^  *r  SinUtr&rsal  SoU»§oid,  is  one 

w«»iiftd  in  the  direction  shown  in  Fig.  508  at  2. 

The  solenoid  shown  in  Fig.  509  at  3,  is  wound 
t»  M  to  produce  i'lmjti/tuM/  J^aUt,     (See  PoUs^ 

H     SoltiMia,  ll%lit-itf]iiiafNl A  dex- 

H  tforsal  solenoid,  the  winding  in  which  is  right- 

Hlia&ded.     (See  Soienoui,  Practical:) 

H     Bolenoid,  Sinlstrorsal A  solenoid 


I 
I 


which  the  winding  15  Ieft*handed.  (Sec 
Saienoid,  Practtcai,) 

^lenoldal.^Fertaining  to  a  solenoid. 

Solid  Angle.— (See  Af^k,  Solid.) 

Solid  Linp,— (See  Line,  Solid.) 

Sol u lion. — A  liquid  in  which  another  sub- 
stance, generatly^a  solid,  ti>  dissolved. 

The  liquid  Toay  contain  either  a  solid,  another 
iklttid,  or  a  gas. 

Solntion,   Bain's    Prlntmg The 

sohllion  used  in  Bain*s  chemical  telegraph. 

lain^s  solution  15  made  by  mixing  together  one 
pftrt  of  m  fsturated  solution  of  potaisium  ferro- 
cyaoidc.  with  two  parts  of  water. 

Holnllati^    Altlfli7 The    exciting 

liquid  for  voltaic  cells,     (See  Cr//«  Valfaic.) 

Sttlofion,  diomioal,  Baln% A  solu- 
tion employed  in  connection  with  Bain  s  re- 
cording telegraph .  (Sec  /Recorder,  Ckvmica  I, 
Bain's.) 

Salntion,  Qnick!ng A  solution  of 

a  salt  of  mercury,  in  which  objects  to  be  elec- 
tro-plated are  dipped  after  cleansing,  just 
before  being  placed  in  the  plating  bath. 

If  the  articles  have  been  properly  cleansed,  im- 
nerrion  m  the  quicking  solution  will  cover  them 
with  a  uniform,  sUver-likc  coating,  which  will  in. 
j«rc  an  adherent,  uniform  coating  in  the  plating 
btth. 

9alut1oii,  f<atnratdl -A  solution  in 

which  as  much  of  the  solid  or  other  substance 
has  been  dissolved  in  the  liquid  as  it  will  lake 
at  a' given  temperature, 

8aliitlciii,    l^uper-Satu  ration     of 

The  condition  assumed  by  a  wanned  satu- 
latcd  solution  of  a  salt,  when  placed  in  a 
dbsed  vesflet  out  of  contact  with  the  air,  and 
alowed  to  cool  without  being  shaken. 

VhdCB-  the  above  circumBtances  the  solution 
mmf  be  cooled  without  depositing  any  crystaU. 


Such  a  toludoa  is  aaid  to  be  super 'saturated.  It 
will  immcdiaielfy^depDSit  ci7StaK  if  a  crystal  of  the 
%^\i  dissolved  or  a  crystal  of  aa  isoroorphoos  salt 
be  drc^pped  in  the  solution,  or  often  if  merclj 
shaken^ 

It  is  important  in  standard  voltaic  ceUs  in 
which  tine  ^Iphate  h  used,  that  the  solution  be 
saturated  but  not  super  saturated. 

Bonomet«r,  Hnsrhc^s*  — —  — An  apparatas 
for  determining  the  amount  of  inductive  dis- 
turbance in  an  induction  balance,  by  compar- 
ing the  sounds  heard  in  a  telephone^  as 
a  result  of  such  induction,  with  the  sounds 
heard  in  the  same  telephone  under  circum- 
stances in  which  the  amount  of  disturbance 
is  directly  measurable. 

lUi  apparatus  deviAed  by  Professor  Hughes  to 
be  used  in  connection  with  the  induction  balance, 
in  order  to  meaEure  the  amount  of  disturbance  of 
balance  produced  therein  in  acny  particular  case. 

SonorescOEce,^ — ^A  term  proposed  for  the 
sounds  produced  when  a  piece  of  vulcanite  or 
any  other  solid  substance  is  exposed  to  a 
rapid  succession  of  flashes  of  light.  (See 
Phoiopkofu) 

Son  mL --The  sensation  produced  on  ihe 
brain,  through  the  ear,  by  the  vibrations  of  a 
sonorous  body. 

The  sound  waves  that  are  capable  of  pro- 
ducing the  sensation  of  sound  on  the  brain 
through  the  ear. 

The  word  sound  is  therefore  used  in  science  In 
two  distinct  senses,  vii.: 

(I-)  Subjectively f  as  the  sensation  produced  by 
the  vibrations  of  a  sonorous  body. 

(2,)  Ohftcfively^  as  the  waves  orrtbrations  that 
are  capable  of  producing  the  sensation  of  sound. 

Sound  is  transmitted  from  the  vibrating  body 
to  the  ear  of  the  hearer  by  means  of  alternate  to- 
and-tro  motions  in  the  air,  occurring  m  every 
direction  around  the  vibrating  body  and  ftjrming 
spherical  waves  called  waves  0/  amdfmatiifn  and 
mrefatii&n.  Unlike  light  and  heat,  these  waves 
require  a  tangible  medium  sudh  as  atr  to  trans- 
mit them. 

Sound,  therefore,  is  not  propagated  in  a 
vacuum.  The  vibrations  of  sound  are  ^omgU 
tuMnal,  that  is,  the  toand-fro  motions  occar  in 
the  same  direction  as  that  in  which  the  sound  is 
traveling .    The  vibrations  of  Hgh  t  are  iransvtrm^ 
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that  fs,  the  to-andlro  motions  are  at  right  angles 
to  the  direction  in  which  the  light  is  traveling, 

Soaiid,—*( Objectively.)  The  waves  in  the 
air  or  other  medium  which  produce  the  sen- 
sation of  sound, 

Sotuitf,— (Subjectively*)  The  effect  pro- 
duced on  the  ear  by  a  vibrating  body* 

Sound,  Abs(»rptloR  of  ^ Acoustic  ab- 
sorption.    (Sec  Absorption,  Acoustic*) 
Sound,    Charaeterl sties    of — The 

peculiarities  that  enable  different  musical 
sounds  to  be  distinguished  from  one  another. 

The  characteristics  of  musical  sounds  arer 

(lO  The  Tone  or  Pitchy  according  to  which  a 
found  is  cither  grave  or  shrill. 

(14  The  Intensity  or  L&udness,  according  to 
which  a  sound  is  either  loud  or  feeble* 

(3»)  The  Quatity  or  Timbre,  the  3>cculiarity 
which  enables  us  to  distinguish  between  two 
sounds  of  the  same  pitch  and  intensity,  but 
sounded  on  di^erent  instruments,  as  for  example, 
on  a  fiute  and  on  a  piano, 

J  Sound,  Qnality  or  Timbre  of —That 

culiarity  of  a  musical  note  which  enables 
us  to  distinguish  it  from  another  musical  note 
of  the  same  tone  or  pitch,  and  of  the  same 
intensity  or  loudness,  but  sounded  on  another 
instrument. 

The  middle  C,  for  example^  of  a  pianoforte,  is 
readily  distinguishable  from  the  same  note  on  a 
Eute,  or  on  a  violin;  that  is  to  say,  its  quality  is 
different.  The  differences  in  the  quality  of  musi- 
cal sounds  are  caused  by  the  admixture  of  addi- 
tional sounds  called  mYr tones  which  are  always 
associated  with  any  musical  sound. 

Briefly,  nearly  all  so-called  simple  musical 
sounds  are  in  reality  chords  or  assemblages  of  % 
number  of  different  musical  sounds. 

In  the  case  of  the  many  different  notes  that  are 
present  in  an  apparently  simple  note  or  tone,  one 
of  the  notes  is  far  louder  than  all  the  others  and  is 
called  the  /jmiiamenfat  tone  or  note»  and  is  what 
is  recognized  by  the  car  as  the  note  proper.  The 
others  are  called  the  overtones.  The  overtones 
are  too  feeble  to  be  heard  very  distinctly,  but 
their  presence  gives  to  the  fundamental  note  its 
own  peculiar  quality.  In  the  case  of  a  note 
sounded  on  the  flute,  these  overtones  are  dif- 
ferent diher  in  number  or  tn  thetr  relative  intensi- 
ties from  the  same  note  soimded  on  another  instru- 


ment   Their  fundamental  tones,  however,  arc 
the  same. 

The  peculiarities  which  enable  us  to  distinguish 
the  voice  of  one  speaker  or  singer  from  another 
are  due  to  the  presence  of  these  overtones.  The 
overtones  must  be  correctly  reproduced  by  the 
diaphragm  of  the  telephone,  or  phonograpK 
graphophone,  or  gramophone^  if  the  articuUte 
speech  is  to  be  correctly  reproduced  wita  aU  its 
characteristic  peculiarities. 

Sounder,  Morse    Telegraphic An 

electro-magnet     which     produces     audible 
sounds  by  the  movements  of  a  lever  atta< 
to  the  armature  of  the  magnet. 

The  Morse  sounder  has  now  almost 
supplanted  the  paper  recorder  or  register.  On 
short  lines  it  is  placed  directly  in  the  telegraphic 
circuit.  On  long  lines  it  is  operated  by  a  Ucal 
hattery^  thrown  into  or  out  of  the  action  by  the 
rday,    (Sec  Relay,) 


I 


^  soft  1 


/^^.  510*    Mm-a  SffMtdtr* 

The  Morse  sounder,  shown  in  Fig.  510^ 
sists  of  an  upright  electro^magnet  M,  whose  soft 
iron  armature  A,  is  rigidly  attached  to  thestrikitig 
lever  B,  working  in  adjustable  screw  pivots  as 
shown.  The  free  end  of  the  lever  £5  limited  in  its 
strokes  by  two  set  screws  N,  N.  The  lower  of 
these  screws  is  set  so  as  to  limit  the  approach  of 
the  armature  A,  to  the  poles  of  the  electro  magnet; 
the  upper  screw  is  set  so  as  to  give  the  end  B, 
sufficient  play  to  produce  a  loud  sound.  A  re- 
tractile springs  attached  to  the  striking  lever  pear 
its  pivoted  end,  and  provided  with  regidatiDg 
screw  S  S»  pulls  the  lever  back  when  tlie  omcot 
ceases  to  flow  through  M. 

The  dots  and  dashes  of  the  Morse  alphabet  are 
reproduced  by  the  sounder,  as  audible  signals, 
that  are  distinguished  by  the  operator  by  laeuks 
of  the  different  sounds  produced  by  the  up  ind 
down  stroke  of  the  lever  as  well  «»  by  the  differ 
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Bce  in  the  intervals  of  tirac  between  the  succes- 

we  signals. 

Another  form  of  telegraphic  sounder,  similar 
in  its  general  construction  to  that  already  dc« 
Kxibed,  is  shown  isx  Fig.  511. 


Sources,  IlCiilti  pie- Arc-Can  nee  ted  - 


p; 
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Sounder^  Bepeatliigr —A  telegraphic 

sounder  which  repeats  the  telegraphic  dis- 
patch into  another  circuit, 

SottodB,  Mag^netic  -—  — Faint  clicks 
heard  on  the  magnetization  of  a  readily  mag- 
netizable substance. 

One  of  the  earlier  forms  of  Rek*  tdephoDC, 
operated  by  means  of  a  rapid  succession  of  these 
iaint  magnetic  sounds. 

^nrce,  Electric Any  arrangement 

capable  of  maintaining  a  difference  of  poten- 
tial or  an  electromotive  force. 

The  following  are  the  more  important  electric 
sources,  arranged  according  to  the  character  of 
the  energy  which  is  converted  into  electric 
energy. 

Electric  SouRCBa. 

1.  Voltaic  Cell  or  Primary 
Battery. 

2.  Charged  Storage  Ceil  or 
Secondary  Battery. 

J.  Thermo  Cell  or  Thermo 
Battery. 

4.  Selenium  Cell  or  Sele- 
nium Battery, 

5.  Magneto  -  Electric    Ma^  ' 
chine. 

^  Dynamo-Electric  Ma- 
chine. 

7.  Frictional  Electric  Ma* 
chine. 

Sp  Electrostatic  Induction 
Machine. 

9l  Ma^eto-Elcctric  Tele- 
phone Transmitter. 

.a  Pyromagnetic Generator.)  "^T^"^^^- 

tl.  Aaimal  or  Plant Vital  Energy, 


Chemical  Poten- 
tial Energy. 


Radiant  Energy. 


Mechanical 
Energy. 


A  term  sometimes  applied  to  sources  connect- 
ed in  multiple,    (Sec  Saurres^  MultipU'Con* 
mcttd.) 
Sotirces,  Multtpli^-Oonneet^d —The 

connection  of  a  nymber  of  separate  sources 
so  as  to  form  a  single  source  by  joining  the 
positive  poles  of  all  the  separate  sources  to  a 
single  positive  lead  or  conductor,  and  all  the 
negative  poles  to  a  single  negative  lead  or 
conductor. 

The  multiple  connection  of  sources  results  in 
each  of  the  sources  discharging  its  current  info 
the  main  conductor  in  a  direction  parallel  to 
that  of  the  other  sources^ 

The  electromotive  force  in  the  same  is  that  of 
any  single  source ,  but  the  resistance  of  the  com- 
bined source  decreases  with  each  source  added. 
Supposing  the  resistance  of  each  source  be  the 
same,  then  if  ten  such  sources  are  connected  in 
multiple  arc»  the  resistance  of  the  combined  source 
is  but  one. tenth  the  resistance  of  a  single  source. 
(See  Orctiii,  Multifile.) 

Sources  arc  combined  in  multiple-arc  whenever 
the  current  furnished  by  the  separate  sources  is 
insufficient  to  properly  operate  the  electro- recep- 
tive or  translating  device  with  which  it  is  con- 
nected. 

Sources,  Multiple-Scrles-Connected  - — 

— The  conection  of  a  number  of  separate 
sources  so  as  to  form  a  single  source  by  con- 
necting a  number  of  the  sources  in  groups 
in  series,  and  joining  these  groups  together 
in  multiple-arc. 

The  battery  of  sources  obtained  by  connecting 
a  number  of  separate  sources  in  multiple -series 
will  have  an  electromotive  force  equal  to  the 
sum  of  the  separate  electromotive  forces  of  the 
sources  connected  in  any  of  the  separate  series- 
connected  groups. 

The  current  produced  will  be  greater  in  propor- 
tion to  the  number  of  separate  groups  in  parallel. 
The  internal  resistance  will  be  increased  in  pro- 
portion to  the  number  of  coils  in  series,  and  de- 
creased in  proportion  to  the  number  of  groups  in 
multiple-arc  or  parallel 

Sources  are  connected  in  mudtipit'Series  when 
both  the  electromotive  force  and  the  current  of 
any  single  source  are  insufficient  to  operate  the 
electro. receptive  or  translating  device,  (See 
Circuity  MulHpU'S€rUs.) 
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tefm  sometunes  applied  to  multipleMioniiected 
sourcea*     (Stse  Sources^  MuUiple^onnecUd.) 

Sonrcea,     Series-Connected The 

connection  of  a  number  of  separate  electric 
aouices  so  as  to  fonn  a  single  sourcep  in 
which  the  separate  sources  arc  placed  in  a 
single  Imc  or  circuit  by  so  connecting  their  op* 
posite  poles  that  the  current  produced  in  each 
p&sses  successively  through  each  of  the 
sources. 

The  9eries*conncctioti  of  sources  results  in  an 
dftctromotive  force  equal  to  the  sum  of  thescpa- 
■lie  clectromQtive  forces  produced  by  each 
source— that  is,  a  rise  of  potential  occurs  with  each 
source  added.  This  connectian  incresises  the  re< 
ststancexif  the  drcuit  by  the  amount  of  the  resist- 
ance of  each  source  introduced  into  the  circuit. 
THe  value  of  til 0  resulting  current  depends  on  the 
ttytal  eifictiramotive  force  and  resistance  of  ttie 
aeries- connected  sources. 

Sources  are  connected  m  series  when  the 
electromotive  force  furnished  by  a  sin^e  source 
is  insufEdent  for  the  character  of  work  required 
to  be  done.     (See  CwW/^  Stfrt^y.) 

Soiiiie««,  Series-3Puff Ipl^Conawted* 

— The  connection  of  a  number  of  separate 
electric  sources,  so  as  to  form  a  single  source, 
in  which  the  separate  sources  are  connected 
in  a  number  of  separate  multiple  groups  or 
circuits,  and  these  groups  or  circuits  scpai^ 
ately  connected  together  in  series.  (See  Or- 
cuiit  SerteS'MultifiU,) 

Soathem  Lights — A  name  sometimes  given 
to  the  Aurora  Australis,  (See  Aurora  Aus- 
traits,) 

Bpace,  Clearance The  space   be- 

tMeen  the  revolving  armature  of  a  dynamo- 
electric  machine,  or  electric  motor,  and  the 
polar  faces  of  the  pole  pieces. 

S^uee,    ])iirk>    C"r<Mffce«' —A    dark 

space  surrounding,  the  negative  electrode  m  a 
rarefied  space  through  which  electric  dis- 
cbarges are  passing* 

Crookea*  dark  space  Ucs  immediately  between 
fke^negMure  dectiode  and  its  glow  or  luminous 
djflckargc.  I^  difTers^  there/are,  from  Faraday^s 
dark  space,  which  hes  between  the  luminous  dis- 
charges of  the  negative  and  positire  electrodes. 


The  radius  of  Crookes*  datk  sp«oe  iacBEai— 

with  the  degree  of  exhaustioo.  It  varicB  ali» 
with  the  character  of  the  residual  gas,,  wsth  tlie 
temperature  of  the  negative  el«ctrod«,,  aiui  wmm*  ' 
what  with  the  intensity  of  the  spark,  Wbeo  the 
vacuum  becomes  sufficiently  high,  the  dark  space 
III  Is  the  entire  tube  through  which  the  discharges 
are  passing. 

Crookcs  has  found  that  in  the  case  of  substances 
that  become  phosphorescent  under  the  ricctric 
discharge,  phosphorescence  best  takes  place  whea 
the  body  is  placed  on  the  boundary  of  the  dark 
space. 

Sfiaoo*  Bark,  Faraday's ^Thc  gap 

in  the  continuity  of  the  luminous  discharges 
that  occurs  between  the  glow  of  the  positive 
and  negative  electrodes. 

Farad»y*s  dark  space  is  seen  in  a  partially  ex- 
hausted tube  through  which  the  discharges  ck 
an  induction  coll  are  passing.  H  occurs  in  is 
low  a  vacuum  as  6  millimetres  of  mercury. 
As  the  vacuum  becomes  higher,  the  length  of  the 
dark  space  increases, 

Space,  later- Air A    term   sone* 

times  emploj'ed  for  the  air  space  between  the 
outer  surface  of  the  revolving  armature  of  a 
dynamo*-eleetrtc  machine  and  tiie  arffaomt 
faces  of  the  pole  pieces.  (See  Spact^  Ckmr^ 
anc^.) 

SpB<;e,  Interfcrrlc  — A  term  some- 
times used  for  air  gap.     (See  Gap,  Air.) 

Span  Wire,— (See  Wire  Span.) 

Spark  CoiL— (See  CofV;  Spar^) 

Spark  Gap.— (See  C7dr^*  SparkC) 

Spark,   Le&ertli  of The  length  of 

spark  that  passes  between  twc*  chatgod  con- 
ductors depends  •: 

(t.)  On  the  di^crence  of  potential  beLweea 
them, 

(2.)  On  the  chaiacter  of  the  g^seoua  vo^ixsm 
that  separates  the  two  conductors. 

(3.)  On  the  density  or  presKuit^  of  the  |;9tiei9US 
m^ium  between  the  conductors. 

Up  to  a  certain  pressure,  a  decrease  in  tlhe 
density  causes  an  tncrsas9  in  the  kngilb  of  the 
distance  the  spark  will  pass.  When  Cfaw  loult  is 
reached,  a  further  decrease  of  demitj^  <l^creue 
the  length  of  spark.  A  high  vacuum  pfwtsits 
the  passage  of  a  spark  even  iindar  givat  diffiv* 
encefi  of  potsnUaL 
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f4.)  On  the  kind  of  materiat  that  forms  tbe 
electrodes  between  which  the  charges  pass. 

{5. )  On  the  shape  of  the  chsu-ged  conductor. 

(6. )  On  the  direction  of  the  current. 

Sparks  from  the  prime  conductor  are  denser 
and  more  powerful  than  those  from  the  tiegxtiTC 
coodactor. 

it  will  be  obeerved  that  the  length  of  the  spark 
practically  depends  mainly  on  two  circam stances, 
Tix*,  on  the  differences  of  potential  of  the  oppo- 
site charges,  and  the  conducting  power  of  the 
medium  tiiat  separates  the  two  bodies. 

S|Mirk»    X-Shaped ^A    variety   of 

three-branched  spark  obtained  by  the  dis- 
charge of  a  Leyden  jar  through  a  peculiar 
form  of  induction  coil.  (See  Spark,  Three- 
Armmehed,) 

§|iBTdu  Hirec-Branohed  — —  *— A  pccti- 
liar  fonn  of  branched  spark  obtained  by  the 
discharge  of  a  Leyden  ]ar  through  a  peculiar 
form  of  induction  coil* 

The  three- branched  spark  was  obtained  by 
EUhu  Thomson  by  the  u&e  of  the  following  appa* 
ratus:  The  discharges  of  a  Leyden  jar,  charged  by 
a  Topler-Holtz  machine,  were  sent  throagh  an  in- 
unction coil,  the  primary  and  secondary  of  which 
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Fig*  St**    A^^ratm*/er  7%t*e'Braackfd  S^rkt, 
were  of  few  turns.    The  circuit  connections  were 
as  shown  in  Figs.  512  and  513,  and  the  apparatus 
ifrdocribed  by  Thomson  as  follows; 

**  A  double  coil  was  made.  Fig,  512,  in  which 
thie  inner  turns  were  about  twdve  and  the  outer 
turns  twenty.  These  were  kept  aepaxate  from  each 
other  and  a  branch  wire  taken  from  the  line  and 
#d  from  point  to  point  on  the  outer  wire  enabled 
the  effective  length  of  the  same  to  be  adjusted. 
The  inner  coil  was  connected  through  a  small 
tpark  gap,  as  at  A,  to  the  outer  coating  of  a  Ley- 
den jar,  while  the  wire  L,  was  brought  near  the 
pole  of  the  jar,  'Which  was    continually  being 


charged    from   a  Topler-HoUx  macMMe.    'Hie 

discharge,  in  passing  from  the  knob  of  the  jar  to 
the  wire  L,  representing  the  line,  passed  by  the 
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inner  coil.  When  a  certain  length  of  the  outer 
coil  was  employed,  only  a  very  short,  almost  im- 
perceptible spark  was  obtainable  at  a.  If  the 
balance  of  tbe  turos  were  disturbed  by  including 
more  or  less  than  the  proper  number  of  the  outer 
turns,  not  only  did  a  vigorous  spark  occur,  but 
the  gap  at  a,  could  be  quite  considerably  extended, 
in  accordance  with  the  amount  of  departure  taken 
from  the  proper  number  of  turns  required  to  pro- 
duce the  balance.  This  ex- 
periment indicates  that  it  is  ^^J// 
possible  to  make  a  seleoti^re  *^^::i/^  ^^ 
path  for  the  Leyden  jar  dSs-  ^_  . 
charge,  and  to  have  a  struc- 
ture so  proportioned  that 
the  discharges  reaching  line 
will  pass  to  earth  without  ^V-  Sf** 
tending  to  go  through  the  cir-  ^^»*^^^  ^^*** 
cuit  of  the  dynamo.  The  action  is  apparently 
due  to  a  balance  of  electromotive  forces  suck 
tl^t  the  discharge  which  tends  to  pass  from  the 
line  in  going  to  earth  induces  in  the  coil  con- 
nected to  the  dynamo  a  counter  electromotive 
force  which  nearly  wipes  out  the  potential  of  the 
discharge  before  it  reaches  the  dynamo.  This 
balance  of  inductive  effiects  is  certainty  very  strik- 
ing, and  once  obtained,  it  is  disturbed,  as,  in  tlie 
experimeDts,  by  changing  the  relative  lengths  o4 
the  coils  in  inductive  rdation  through  so  small 
an  amount  as  an  inch  or  two. 

**  It  may  be  mentioned  here  that  some  curlottS 
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effects  of  spark  were  obtained  in  tl»ese  catpcri- 
inents.  When  a  disturbance  of  the  balance  ex- 
ists and  a  spark  is  obtained  at  a,  the  character  of 
the  spark  is  different  from  that  of  the  Leydcn  jar 
discharge.  It  appears  to  be  less  luminous^  the 
noise  less  sharp,  and  its  color  would  indicate  a 
greater  power  of  volatiliiiiig  metal  and  perhaps  a 
greater  duration.  It  is  in  part,  no  doubt,  due  to 
a  current  local  to  the  coils  in  series  with  one  an- 
other. 

*  Another  curious  effect  was  the  production  of 
^-shaped  and  Y'S^*P^<i  sparks,  or  three- 
branched  sparks  (such  as  are  shown  in  Figs.  513 

and  514*)** 

»<  These  were  obtained  by  separating  the  elec- 
trodes at  A,  an  inch  and  a  half  or  thereabouts^ 
and  bringing  the  third  electrode  from  the  outer 
coil  to  the  position  shown  in  Fig.  513.  The  dis- 
charges were  now  obtained  as  before  from  the 
charged  jar.  In  this  case  the  discharge  appears 
to  split  and  unite  in  air,  producing  the  curious 
shaped  sparks  shown.  It  would  seem  that  to  ob- 
tain these  effects— particularly  the  sparks  which 
were  three- branched  from  a  common  point  in  the 
centre  between  the  discharge  electrodes— the 
dielectric  air  must  break  down  simultaneously  be- 
tween the  three  electrodes.  It  would  easily  ex- 
plain the  X-sl^spcs  *o  assume  the  straight  part 
above  to  form  firsts  and  the  cross  or  transverse 
spark  to  strike  from  the  side  of  this  spark  to  the 
third  electrode." 

Spark  Tube.— (S€e  Tud^,  Spark:) 

Spark,  Wipe- — -—In  an  electric  gas- 
lighting  pendant  burner,  a  spark  obtained 
from  a  spark  coil  by  the  wiping  contact  of  a 
spring*  moved  by  the  pulling  of  the  pendant. 
(See  Burner t  Ratckt't-Pendant ,  Elecfric.) 

Spark,  Y-Shaped A  variety  of  three- 
branched  spark  obtained  by  the  discharge  of 
a  Leyden  jar  through  a  peculiar  form  of  induc- 
tion coil,    (See  Spark,  Three-Branched) 

Sparking  Discliar^c,-"{See  Discharge, 
Disrttpth/e,) 

Sparking  Blslauce.— (See  Distance, 
Sparking) 

Sparking,  line  of  Least The  line 

on  a  commutator  cylinder  of  a  dynamo  con- 
necting the  points  of  contact  of  the  collecting 
bnifihes  where  the  sparking  is  a  minimtjm. 
Ib  loine  formi  of  dynamos  the  line  of  least 


sparking  lies  parallel  to  the  lines  of  magnetic 
force  of  the  field. 

In  most  forms,  however,  it  is  at  right  angles  to 
such  Unes.  The  exact  position  of  all  these  lilies 
is  changed  by  the  angular  lead  of  the  brushes. 
(See  I^ad^  Angh  cf,\ 

Sparking  %t  Bynamo-Electrlc  Machlnfu^ 
(See  Machine,  Dynamo-Electric,,  Sparkit^ 

¥:) 

Spar  Torpedo.— (See  Torpedo,  Spar) 

Spasmodic    €fOTertior.— (See    Govern 
Spasmodic) 
Speaking-Tobe  Aiinniielaior«^(See  An- 

nunciator.  Oral  or  Sptaking^Tube) 
Speaking-Tabe  Mouth   Piece,    Electric 

Alarm ^A  mouth  piece  for  a  speaking 

tube,  so  arranged,  that  the  movement  of  a 
pivoted  plate  covering  the  mouth  piece  au- 
tomatically rings  a  bell  at  the  other  end  of 
the  lube. 

Specific  Conduction  Eeslstanoe. — (See 
Resistance,  Specific  Conduction) 

Speeiflc   Conductivity. (Sec  Cm 

tivity.  Specific) 

Specific  Heat— (Sec  Heat,  Specific,) 

Specific  Kt^at  of  Electricity,— (Sec  Elec- 
tricity, Specific  Heat  of) 

Specific  Hystereslal  Dissipation. — (See 
Dissipation,  Specific  Hysteresial) 

Specific  Indnctlre  Capacity.— (Sec  Ca 
pacity.  Specific  Induciim) 

Specific  magnetic  Capacity.— (See  C^^ 
pacity,  specific  Magnetic) 

Specific  Magnetic  Condactfrity.— (See 
Conductivity,  Specific  Magnetic) 

Specific  Magnetic  Inductivity.— (See  /!•• 
ductivity.  Specific  Magnetic) 

Specific    Beslstance.**(See    Resistance, 

specific) 
Specific    Resistance   of  tlqiildab--(See 

Resistance,  Specific,  0/  Liguids) 

Speech,  Articulate —The  successive 

tones  of  the  human  voice  that  are  necessary 
to  produce  intelligible  words. 

The  phrase  articulate  speech  re&isto  tbe  )o 
tng  or  articulation  of  the  successiire  tounds 
irolved  in  speech.     The  reodving  diaphragm  of  J 
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telephone  Is  caused  to  reproduce  the  articulate 
speech  uttered  near  the  transmitting  diaphragm. 

$p€ed»  Critical,  of  ComiMniud-Wouiid 
Djrniimo  - —  — The  speed  at  which  both  the 
series  and  shunt  coils  of  the  machine  give  the 
same  difference  of  potential  when  the  full  load 
is  on  the  machine,  as  the  shunt  coil  would  if 
used  alone  on  open-circuit. 

Speed  Indicator.— (See  Indicator,  Speedy 

Speeding, — Varying  the  number  of  revolu- 
tions per  minute. 

The  speeding  of  a  dynamo  13  for  the  purpose 
of  obtaining  the  current  requisite  to  properly 
operate  the  electro  receptive  device  placed  in  its 
circuit. 

Spent  Acid.— (See  Acid.  Spmt) 

Spent  Liquor.— (See  Liquor,  SpenL) 

Spherical  Armature.— (See  Armature, 
spherical,) 

Spbj^mogram.— A  record  made  by  a 
sphygmograph.    (See  Bphygmograpk:) 

Sphygraograph,— An  instrument  for  re- 
cording the  peculiarities  of  the  normal  or 
abnormal  pulse. 

Sphjginograpli,  Electrical An  in- 
strument for  electrically  recording  the  peculi- 
arities of  the  pulse, 

Sphygmoplione,— An  apparatus  in  which 
a  microphone  is  employed  for  the  medical 
examination  of  the  pulse,    (See  Microphone,) 

Spider,  Armatnre A  light  frame- 
work or  skeleton  consisting  of  a  central  sleeve 
or  hub  keyed  to  the  armature  shaft,  and  pro- 
vided with  a  number  of  radial  spokes  or  arms 
for  fixing  or  holding  the  armature  core  to 
the  dynamo-electric  machine. 

Spider,    Driving Radial    arms  or 

spokes  connected  lo  the  armature  of  a  dynamo- 
electric  machine  and  keyed  to  the  shaft  so  as 
to  act  as  a  driving  wheel  for  the  armature, 

Spin^  Magnetic —A  term  sometimes 

employed  instead  of  magnetic  field. 

The  term  magnetic  spin  is  sometimes  used  in* 
■lead  of  magnetic  Eeld  because  the  magnetism  is 
now  generally  believed  to  be  due  to  the  effects  of 
a  rotary  motion  or  spin  in  the  surrounding  uni- 
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Spiral,  Primary  —  —The  primary  of  an 
induction  coil  or  transformer.  (See  Trans~ 
former.    Coil,  htduction^ 

Spiral,  Boget's  - — -  —A  suspended  wire 
spiral  conveying  a  strong  electric  current  and 
devised  to  show  the  attractions  produced  by 
parallel  currents  flowing  in  the  same  direc- 
tion. 

The  lower  end  of  the  wire  spiral  dips  into  a 
mexcury  cup.  On  the  passage  of  the  current,  the 
attraction  of  the  neighboring  turns  of  the  spiral 
for  each  other  shortens  the  length  of  the  spiral 
sufficiently  to  draw  it  out  of  the  mercury  and  thus 
break  the  circuit.  When  this  occurs  the  weight 
of  the  spiral  causes  it  to  fall  and  again  re-estab- 
lish the  circuit*  A  rapid  automatic-make-and- 
break  is  thus  established,  accompanied  by  a  brill- 
iant spark  at  the  mercury  surface  due  to  the  ex- 
tra spark  on  breaking. 

Spiral,  Secondary The  secondary 

coil  of  an  induction  coil  or  transfonner.     (Sec 
Transformer,    Coil,  Induction.) 

Splice  Box.— (Sec  Box,  Splice) 
Split  Battery.— (See  Battery,  Split) 
Split  Lead  Tee.— (Sec  Tee,  Split  Lead.) 
Spluttering  of  Ar«.— (See  Arc,  Splutter- 
ing of) 

Spots,  Snn  - — ^Dark  spots,  varying  in 

number  and  position,  which  appear  on  the 
face  of  the  sun  and  are  believed  by  some  to  be 
caused  by  huge  vortex  motions  in  the  masses 
of  glowing  gas  that  surround  the  sun's  body, 
Sun  spots  occur  in  grraitcr  number  at  iiitervak 
of  about  every  eleven  years. 

Their  occurrence  is  generally  attended  with 
unusual  terrestrial  magnetic  variations.  (Sec 
Siorm^  Magnet U) 

In  the  opinion  of  most  astronomers  the  sun 
spots  mark  depressions  in  the  atmosphere  of  the 
sun.  Their  exact  causes  are  unknown,  though 
they  appeaj*  to  be  dependent  on  a  local  cooling 
or  condensation  of  the  sun's  atmosphere. 

When  observed  through  a  telescope  the  mm* 
spot  appears  as  a  dark  region  surrounded  by  a 
less  dark  region.  Though  darker  by  contrast 
with  thi  rest  of  the  sun's  ^CC,  yet  such  spots  arc 
in  reality  much  brighter  than  the  most  brilliant 
arc  light.  The  oudinc  of  the  s\in  spot  is  quite 
irregular. 
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Spreadlng-Oat    Magnetic    Pield^— (See 
Fields  Ma^ttic,  Sprcading^Out^ 

Spren^el  Mercary  Pamp* — (See    Pump^ 
Air,  Spr&^ers  Mercurial^ 

SpHngr     Ammeter,  —  (See     Ammeter^ 
Spring:^ 

Spring  Contact — (See  Contact ,  Spring,) 


Springr,  HoM-OflT- 


-A  spring  which 


acts  to  keep  one  thing  away  from  another  in 
opposition  to  son^e  force  tending  to  keep  it  in 
contact  with  such  a  thing. 

Spring,  Hold-On -A  spring  which 

acts  to  keep  one  thing  against  another  in  op- 
position to  some  force  tending  to  pull  it 
away, 

A  hold -on  spring  is  sometimes  employed  in  a 
dynamo-electric  machine  for  the  purpose  of  keep- 
ing the  collecting  brushes  in  proper  pressure 
against  the  segments  of  the  commutator. 

Springs-Jack. — A  device  for  readily  insert- 
ing a  loop  in  a  main  electric  circuit  The 
spring-jack  is  generally  use^l  in  connection 
with  a  multiple  switch  boaxd*  (Sec  Board t 
MuliipU  Switch.) 

Spring-Jack  Cut-Otit— (See  Cut^ui^ 
Spring-Jack,) 

SpttHoas  HaU  Elltect— (See  Eff^i,  Hall, 

spurious^ 

Spurious  Besistance, — (See  Resistance^ 
spurious^ 

Stabile  GalTanlzatloiL — (See  Galvanisa- 
tion,  S(abiie) 

Stag^gering. — A  term  sometimes  applied  to 
the  position  of  the  brushes  on  a  commutator 
cylinder,  in  which  one  brush  is  placed  slightly 
in  advance  of  the  other  brush  so  as  to  bridge 
over  a  break. 

When  a  break  occurs  in  the  circuit  ot  the  arma- 
ture wires,  the  device  of  staggering  the  brushes  is 
aii opted  for  temporarily  bridging  over  the  break. 
When  a  break  occurs,  the  rewinding  of  the  arma- 
ture is  the  only  radical  cure. 

Standard  Candle.— (Sec  Candle,  Stand- 
ard,) 


Standard  Car^l  Oas  Jet— (See  Jet,  G^, 
Cartel  Standard.) 

Standard^  Dynamo  — ^  —The  supports 
for  the  bearings  of  a  dynamo-electric  ma- 
chine. 

Standard  Eartli  <{aad rant— (See 
rant.  Standard,) 

Standard  of   SelMndnction,  Ayrton  M 

Perry's ^(See  Induction,  Self,  Ayritm 

&*  Perry's  Standard  *?/.) 

Standard  Ohm,— (See  Ohm»  Standard,) 

— ^A    standard 


Standard,    Pentane 

source  of  light  used  in  photometric  measure- 
ments, in  place  of  a  Methven  screen. 

The  pentane  standard  is  constnicted  in  gebeial 
in  the  same  manner  as  the  Methven  stuidanL 
In  piacc,  however,  of  ordinary  coal  gas,  a  miKture 
of  pentane  and  air  is  used.  Pentane  is  a  variety 
of  coaloi!  left  after  several  distillations  of  ordinary 
crude  oil.  It  distills  at  a  temperature  not  greater 
than  50  degrees  centigrade. 

The  mixture  for  boming  oonaiftti  of  abcaut 
twenty  volumes  of  air  to  seven  volumes  of  pen- 
tane. A  burner  of  the  pentane  standard  is  som^ 
what  similar  to  the  Methven  standard,  tmt  diffeis 
in  a  number  of  minor  details. 

Standard  Resistance  Colt— ^(See  CM„ 
Resistance,  Standard,) 

Standard  Size  of  Electrodes,  Erb'a 

— (See  Electrodes ,  jS>^V  Standard  Sisecf^ 

Standard  Voltaic  Celt— (See  C^.  Vi 
Standard,) 
Standard  VolUlc  CeU,  Clark's 

(See  Cell,  Voltaic,  Standard,  Clarks,) 

Standard  Taltaic  Cell,  Clark^*,  Raylel^li*^ 

Form  of —(See   Cell,    Voltaic,  Stand- 

ard,  Rayleigk's  Form  of  Clark* s,) 

Standard  Yoltaic  CeU,  Fleming's 

(See  Cell,  Voltaic,  Standard,  Fleming's:^ 

Standard  Toltale  Cell,  Iiidg^'s- 


(See  Cell,  Voltaic,  Standard,  Lodges,) 

Standard  Toltatc  Cell,  Sir  William 
Tbomson's (See  Cell,  Voltaic,  Stand- 
ard, Sir  William  Thomson* s) 

Standard  Wire  eange.— (See  G^^^w, 
Wire,  Standard.) 
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SUiidiirdlzln§r  a  V<>lt4lc  Cea-.(Sce  O//, 
VotiAiCt  Standardising  a.) 

Standards,  Motor A  name  applied 

to  the  supports  for  the  bearings  of  an  eleciric 
motor. 

State,   Allolrcitiic A   modilication 

of  a  substance,  in  which,  without  changing 
its  chemical  composition,  it  assumes  a  condi- 
tion in  which  many  of  its  physical  and  chem- 
ical properties  are  different  from  those  it  or* 
iKnarily  possesses. 

Thus  the  clement  carbon  occurs  in  three  widely 
different  allotropic  states,  viz.: 

{u)  Ascharcoftl^  or  ordmazy  carbon; 

(2.)  As  graphite,  or  plumbago;  and 

(j.)  As  the  diamond. 

Stat^,  Anelccirotoak The  condi- 
tion of  decreased  functional  activity  which 
occurs  in  a  nerve  in  the  neighborhood  of  the 
anode  or  positive  terminal  of  a  source  to 
whose  influence  it  is  subjecled,  (Sec  Anelcc- 
irofonus.j 

State^   Electrotoalc   ^A  peculiar 

itate  supposed  by  Faraday  to  exist  in  a  wire  or 
other  conductor,  whereby  differences  of  po- 
tential are  produced  by  means  of  its  move- 
ment through  a  magnetic  field. 

In  his  early  researches  Faraday  regarded  this 
Slate  as  a  necessary  condition  in  which  a  wire  or 
conductor  must  exist,  pnor  to  its  movement 
through  a  magnetic  field,  in  ordr  to  have  a  dif- 
ference of  potential  produced;  but  at  a  later  day 
he  abandoned  this  idea,  and  explained  the  true 
causes  of  electrodynamic  induction.  (See  /n- 
dmtion^  EUctro-Dyitamic,) 

The  term  electrotonic  state  is  to  be  carefully  dis- 
tinguished from  electrotonus,  or  the  change  pro* 
ducod  in  the  functional  activity  of  a  nerve  by  an 
cfectric  current.     (Sec  EIe€trotomis,\ 

State,  K at h electrotonic The  con- 
dition of  increased  functional  activity  of  a 
nerve  in  the  neighborhood  of  the  kathode  or 
negative  terminal  of  a  source  to  whose  in- 
liuence  it  is  subjected.  (See  Kath^Uctro* 
iotms.) 

The  kathelectroton ic  state  is  oae  of  the  states 
or  conditions  of  ekctrotonus  or  altered  functional 
activity  produced  in  a  nerve  by  an  electric  cur- 
rent.    \^ee  Eiectrffttmus,) 


State,  Nascent  - —  —A  tcrro  used  in 
chemistry  to  express  the  state  or  condition  of 
an  elementary  atom  or  radical  just  hberated 
from  chemical  combination,  when  it  possesses 
chemical  affinities  or  attractions  more  ener- 
getic than  afterwards. 

According  to  Grothiiss'  hypothesis,  during  the 
decomposition  of  a  chain  of  polarized  moleoilesp 
such  for  example  as  in  the  case  of  hydrogen  sul« 
phate,  H I  SO |,  in  a  zinc-copper  voltaic  cell,  the 
two  atoms  of  hydrogen  H^,  liberated  by  the  com- 
bination of  the  SOf ,  with  an  atom  of  zinc,  Zn,  po5« 
sess  a  stronger  affinity  for  the  SO^  of  the  molecule 
next  to  it,  than  does  its  own  H,,  and  thus  liber- 
ates its  two  atoms  of  hydrogen,  which  xn  turn 
unite  with  the  SO 4,  of  the  next  molecule  in  the 
polarized  chain,  and  this  continues  unlit  the  two 
atoms  of  hydrogen  liberated  from  the  last  mole- 
cule in  the  chain  are  given  off  at  the  copper  plate. 
(See  Hypothecs,  Grfifkf4ss\) 

The  peculiar  properties  characteristic  of  the 
nascent  state  of  elements  is  doubtless  due  to 
the  fact  that  the  elements  are  then  in  Sk/r^re 
staU^  with  their  h^nds  open  or  umsatisJUd^  and 
therefore  possess  greater  afi&nities  than  when  they 
are  united  in  molecules.  Thus  H— ,  H— ,  or 
atomic  hydrogen^  should  possess  different  afi&mties 
than  H — H,  or  molecular  hydrogen. 

State,  Passive The  condition  of  a 

metallic  substance  in  which  it  may  be  placed 
in  liquids  that  would  ordinarily  chemically 
combine  with  it,  without  being  attacked  or 
corroded. 

It  is  very  doubtful  whether  metallic  l>odie5  can 
be  properly  regarded  as  possessing  an  actual 
passive  state.  Iron,  for  example^  which  is  one  ol 
the  metals  that  is  said  to  be  capable  of  assuming 
this  so-called  passive  s/aU,  can  be  placed  in  this 
condition  by  immersing  it  for  a  few  moments  in 
concentrated  nitric  acid,  and  subsequently  wash- 
ing it.  It  will  then,  unlike  ordinary  Iron,  neither 
be  attacked  by  concentrated  nitric  add,  nor  will 
it  precipitate  copper  from  its  solutions.  This 
condition  is  now  generally  beh'eved  to  be  due  to 
the  formation  of  a  thin  coating  of  magnetic  oxide 
on  its  surface. 

Many  of  the  instances  of  the  so-called  paidve 
state  are  simply  cases  at  the  well  known  electrical 
preservation  of  metals  that  form  the  negative 
element  of  a  voltaic  combinab'on,  under  which 
circumstances  the  positive  element  only  of  the 
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voltaic  couple  is  chemically  attacked  bj  the  elec- 
trolyte. (See  Ctll,  Voltaic,  MetalSy  Electrical 
Protection  of, ) 

State,  Permanent,  of  Charge  on  Tele- 

inraph  Line The  condition  of  the 

charge  on  a  telegraph  wire  when  the  current 
reaching  the  distant  end  has  the  same 
strength  as  at  the  sending  end. 

State,  Yariable,  of  Charge  of  Telegrraph 

Line The  condition  of  the  charge  on 

a  telegraph  wire  while  the  strength  of  the 
current  is  increasing  up  to  the  full  strength 
in  all  parts. 

The  duration  of  the  variable  state  is  direcdy  as 
the  length  of  the  line,  the  electrostatic  capacity 
and  the  total  resistance.  It  is  increased  by  leak- 
age* by  static  capacity  and  by  the  effects  of  the 
extra  current     (See  Currents^  Extra.) 

Static  Breeie,— (See  Breeze,  Stattc) 

Static  Electricity.  —  (See  Electricity, 
Static) 

Static  Energy.— (See  Energy,  Static) 

Static  Hysteresis.  —  (See  Hysteresis, 
Static) 

Static  Insolation.  —  (See  Insulation, 
Static) 

Static  Magnetic  Induction.— (See  Induc^ 
tion.  Magnetic,  Static) 

Static  Shock.— (See  Shock,  Static) 

Statics. — The  science  which  treats  of  the 
relations  that  n\ust  exist  between  the  points 
of  application  of  forces  and  their  direction 
and  intensity,  in  order  that  equilibrium  may 
result. 

—That  branch    of 


Statics,  Electro- 


electric  science  which  treats  of  the  phenome- 
na and  measurement  of  electric  charges. 

Some  of  the  more  important  pnnciples  of  elec* 
trostatics  are  embraced  in  the  following  laws: 

(I.)  Charges  of  like  name,  t.  r,  either  positive 
T  negative,  repel  each  other.  Charges  ot  unlike 
iuime  attract  each  other. 

(2.)  The  forces  of  attraction  or  repulsion  be- 
tween two  charged  bodies  are  directly  propor- 
tional to  the  product  of  the  quantities  of  electricity 
possessed  by  the  bodies  and  inversely  proportional 
to  the  square  of  the  distance  between  them. 


These  laws  can  be  demonstrated  by  the  use  of 
Coulomb's  torsion  balance.  (See  Balance,  Cm. 
lomb^s  Torsion.) 

Statics,  Magneto That  branch  of 

magnetism  which  treats  of  magnetic  attrac- 
tions and  repulsions,  the  distribution  of  lines 
of  magnetic  force  and  other  facts  r^arding 
fixed  magnets. 


Station,  Central 


-A  station,  cen- 


trally located,  from  which  electricity  for  light 
or  power  is  distributed  by  a  series  of  con- 
ductors radiating  therefrom. 

Station,  Distant A  term  applied  by 

an  operator  to  the  distant  end  of  the  line  m 
order  to  distinguish  it  from  his  own  end. 

Station,  Distributing A  station 

from  which  electricity  is  distributed. 
A  central  station. 

Station,  Home  — 


— A  term  applied  by 
an  operator  to  his  end  of  the  line,  in  order  to 
distinguish  it  from  the  other  or  distant  sta- 
tion. 

Station,  Transforming In  a  system 

of  distribution  by  transformers  or  converters 
a  station  where,  a  number  of  transformers  are 
placed,  in  order  to  supply  a  group  of  houses 
in  the  neighborhood.  (See  Transformer, 
Electricity,  Distribution  of,  by  Alternating 
Currents) 

Stationary  Floor  Key.— (See  Key,  Sta- 
tionary Floor) 

Stationary  Torpedo.— (See  Torpedo,  Sta- 
tionary) 

Stay  Rods,  Telegrapliic Metal  rods 

attached  to  a  telegraph  pole,  and  securely 
fastened  in  the  ground  in  order  to  counteract 
the  effects  of  a  pull  or  tension  on  the  poles. 
{StcPole,  Telegraphic.) 

Stay  rods  should  be  used  in  all  exposed  sitoa- 
tions,  or  where  the  poles  are  exposed  to  aetat 
strains. 

Steady  Cnrrent— (See  Current,  Steady.) 

Steams'  Relay  Shunt.— (See  Shunt,  Re- 
lay, Steams  ) 

Steel,  Qoalities  of,  Requisite  for  lag- 
netization Qualities  which  must  be 
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possessed  by  steel  in  order  to  permit  it  to  per- 
manently retain  a  considerable  magnet tzation . 

For  the  purposes  of  permanent  mag^ctixation 
steel  should  possess  the  following  qiuHties: 

It  should  be  hard  and  fine  grained,  Hard  cast 
steel  answers  the  purpose  very  well.  Scoresby 
showed  that  an  intimate  relation  exists  between 
the  quality  of  the  iron  from  which  the  steel  is 
nude,  and  the  ability  of  the  steel  to  take  and  re- 
tain considerable  magnetism. 

The  steel  should  be  hardened  as  high  as  possi- 
ble and  the  temper  afterwards  drawn  by  heat  to 
a  violet-straw  color.  Practice  is  not  uniform  in 
Has  res[>ect,  the  exact  color  varying  with  the 
quality  of  the  steel, 

An  admixture  with  the ^t eel  of  about  j^  of  one 
per  cent  of  tungsten  is  said  to  increase  its  mag- 
netic powers. 

Cast  steel  is  not  generally  employed  for  mag* 
nets,  wrought  steel  bdng  generally  preferred. 

Stei>-by-Step,  or  Dial  Telegraphy.— (See 

Telegraphy^  Step-by-Step.) 

Step- Down  Transforraer.— (See  Trans- 
former, Step-Dinun,) 

8tep-Up  Transformer.— (Sec  Transform- 
er, Siep-Up^i 

Sterilization,  Electric  — ^Sterilizing 

a  solution  by  depriving  It  of  whatever  germs 
it  may  contain  by  means  of  electrical  cur- 
rents. 

The  following  CKperiments  were  recently  made 
on  sterilization  by  means  of  electric  cmrents: 
The  fluid,  with  the  culture,  was  placed  in  a  glass 
lest  tube,  wound  about  with  a  wire  coil  connected 
either  with  a  dynamo  or  accumulator  or  other 
electric  source.  Some  increase  in  temperature 
ras  made,  but  never  over  98*  Fahr.  When  a 
Birrent  1. 25  volts,  2.5  amperes  passed,  a  com- 
plete sterilization  of  Micrococus  Frodigiosus  oc- 
curred at  the  end  of  twenty -four  hours. 

Blood  and  water  containing  pathogenic  germs 
was  stcrilUcd  in  five  to  thirty  minutes.  The 
above  described  effects  would  appear  to  be  mag- 
netic rather  than  electric. 

Sticking,— A  word  applied  by  telegraphers 
to  the  failure  of  the  positive  pole  relay  arma- 
ture to  leave  the  magnet  pole  on  the  cessation 
of  the  current. 
In  telegraphy,  when  from  any  cause  a  circuit 
imperfectly  broken  by  an  operator's  key,  or  at 


the  points  of  conti^  of  a  relay  or  other  instru- 
ment, such  failure  is  called  sticking.  When  an  arc 
is  formed  at  the  points  of  a  relay  where  the  local 
circuit  IS  made  and  broken,  the  relay  *♦  sticks,** 
The  arc  is  caused  by  bxirning  of  the  platinum 
poinb.  Stuking  may  be  a  result  of  a  too  weak 
retractile  spring. 

Stone,  Hercnles A  name  given  by 

the  ancients  to  the  lodestone.  (See  Lode- 
stone) 

Stool,  Insnlating' A  stool  provided 

with  insulating  supports  of  vulcanite  or  olbcr 
insulator,  employed  to  afford  a  ready  insulat- 
ing stand  or  support. 

Stop,  Llmitlngr  — -  —A  stop  set  so  as  to 
limit  the  motion  of  an  electrically  vibrating  or 
oscillating  bar  to  any  predetermined  extent. 

Such  limiting  stops  are  common  on  telegraphic 
and  various  other  electrical  appamtus. 

8topplng-0ff. — A  process  employed  in 
electro-plating,  in  which  a  metallic  article,  al- 
ready electro-plated  over  its  entire  surface,  is 
electro-plated  with  another  metal  over  certain 
parts  only. 

The  process  of  stopping*off  consists  of  covering 
the  parts  which  are  to  receive  the  metallic  coat- 
ingt  with  various  stopping  off  varnishes.  By  this 
means  articles  can  be  electro-plated  on  parts  of 
their  surfaces  with  gold  and  on  the  remainder 
with  silver.  The  whole  surface  is  first  silvered 
and  the  portions  intended  to  be  afterwards  glided 
are  then  stopped  ofif  and  the  object  placed  in  the 
gilding  bath, 

8lopping-Off    TarnlBh,— (See     Varnisk, 

Siopping-Qf.) 
Storage  Battery.— (See  Battery,  Storage,) 
Storage  Capacity  of  Secondary  Cell. — 
(See  Cetl,  Secondary  or  Storage,  Capacity 
of.) 
Storage  CelU— (See  Ceil,  Storage.) 
Storage  of  Electricity.— (Sec  Electricity , 
Storage  of.) 

Storm,  Auroral —A  term  sometimes 

employed  to  express  an  unusual  prevalence 
of  auroras. 

Storm,  Electric  ^—  — An  untisual  con- 
dition of  the  atmosphere  as  regards  the  quan- 
tity of  its  free  electricity. 


A  thunder  atorm  i»  a  v»n«t]r  of  dectric  storm. 
(See  J/49f%M»  TAuiitf^.} 
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StoniL,  Magnetic 


-lireguJArities  oc- 


cuTTiBg  in  the  disiribution  of  the  earth's 
magnetism,  affecting  the  magnetic  decima- 
tion, dip,  and  intensity. 

Magnetic  atomis  have  been  obMrvod  to  accom- 
pany auroral  displays,  and  to  be  cuinddent  with 
tlie  occurrence  of  sun  sj^ls^  or  imusual  outbursts 
ot  ftolar  activity. 

The  coincidence  of  magnetic  storms  and  out- 
borsts  of  0olar  activity  is  uIlq^lestianc^d.  Wolf, 
of  Zurich,  has  shown  by  a  comparison  of  nu- 
merous observations  of  sun  spots,  the  unques- 
tknicd  correspondence,  in  tlic  times  of  their 
greatest  activity^  which  occur  every  it.i  years, 
with  the  time  of  occurrence  of  an  unusual  number 
of  sun  spots.  He  has  placed  these  results  in  the 
form  of  curves.  Those  shown  in  Fig.  515  are 
taken  from  obser^'ations  at  Paris  and  Prague. 
The  fiiH  lines  represent  the  periods  of  sun  spots. 
Tlie  dotted  lines  the  periods  of  magnetic  storms. 


Fi^.  5  rs     ^<df*  Sw»  ^ct  t^nmUrs. 


Btomt,  Thnndor- 


-A  storm   during 


which  electrical  discharges  accompanied  by 
thtiDder  take  place  between  twocloudSrOr  be- 
tween a  doud  and  the  earth,  (See  EUc- 
truUy^  Atmospheric^  Storms^  Thunder^ 
Qecgraphical  Distribution  of.) 

Stormsv  Tttnnder,  Geogmf^hteal  IN»- 
trtbotlon  of  — —  — ^The  following  general 
lacts  as  to  the  geographical  distribution  of 
thunder  storms,  show  the  intimate  relation 
between  the  Irequency  of  thimder  storms  and 
the  time  and  place  of  the  condensation  of 
vapor. 

(i.)  Thunder  storms  seldom,  if  ercr,  occur  in 
the  polar  regions. 

This  is  probably  because  the  rainfall  in  the 


polar  regions  results  from  the  oaandeixftatioQ  ei  tte* 
vapor  that  was  fiormed  in  the  equatorial  or  ie»> 
perate  regions,  so  that  a  considerable  Ihm 
elapses  between  the  evaporation  and  condeiM^ 

tion* 
(2.)  Thunder  storms  sddom,  if  ever,  occur  i» 

rainless  districts,  owing  probably  to  the  alwfapr 
of  the  condensation  of  vapor. 

(3.)  Thunder  storms  are  most  frequent  and^ 
violent  in  the  equatorial  regions,  where  the  rain- 
fall results  from  the  condensation  of  the  vapor  \^ 
the  acbon  of  ascending  currents,  conveying  thr 
vapor  almost  immediatdy  after  its  formation  into^ 
the  upper  and  colder  regions  of  the  atmofipherc. 

(4.)  Thunder  storms  occur  in  regiovis  beyond 
the  tropics,  at  those  seasons  of  the  year  when  the 
rainfall  results  &om  the  condensation  of  the  vapor 
shortly  after  the  time  of  its  formation,  via.,  Id  the- 
temperate  zones  in  the  hotter  parts  of  the  year. 

StvmfsM'Ikino     l!rollBy    Hsii|p«r,— (Ser 

Manger,  Simi^hi-Lim  TrMy^) 
Stralghfunay     Bonolied     Cdhia, — (Ser 

CaSI^-,  Bundud^  Siruigktaway,) 

Strain,    Bietectrlc The    sttanet 

condition  in  which,  the  glaa8i»  on  other  ditJtc* 
trie  of  a  condenser,  is  placed  by  the  rhnr|],i^ 
of  tha  condenser* 

The  deformation  of  a  body  under  th*-  io- 
fltience  of  a  stress.     (Sec  Stress.) 

The  sinss  in  this  case,  t.  ^.,  the  force  proioc^ 
ing  the  deformation  or  strain^  lj  the  attradkiBcC 
the  opposite  charges.  This  stress,  in  the  casc«i^ 
a  Ley  dun  jar,  is  often  sufficiently  great  to  caoor 
a  rupture  of  the  glass. 

S trains  Electro-MiipiifiliA ^Xbe  dp- 
formation  produced  by  an^  electtoHaagnrtac 
stress*     (Soe  Stress, ,  Miedn^o^Aragnsisc,) 

Strain,  Hl^otraHiae,  Ot»tf eal  ^ A 

strain  or  deformation  prroducetl  in  a  plate  ci 
glass,  or  other  transparent  solids  by  subject- 
ing: ir  to  the  stress  of  an  electrostatic 
(See  Stress,  Eteictrostaiic,) 

To  obtain  the  ctectrostatic  stress,  boles 
drilled  in  the  plate  of  glass,  and  wires  frooi  m. 
JJif/tM  tmukim-  cr  induction  coit  placed  thcrrin, 
the  wirs  being  separated  by  a  thin  layer  of  glaiaik 

The  glass,  on  being  traversed  by  a  boani  «4 
plane  (solarized  lights  rotates  the  plane  of  pnfig 
ization  of  the  light  in  the  same  directioii  as  fbe: 
glass  would  if  subjected  to  a  strain  in  the  dirwr 
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I  #/  tkt  linti  cf  tUetric  farce,   [Sec  Rptaiian^ 

Strain,  Uttgnetle — ^The  defonnation 

"jfDduced  in  the  air-gap  between  two  dissimi- 
Im*  tDagnetlc  poIe3»  or  in  any  substance  placed 
liercin,  by  the  stress  of  the  Uiies  of  magnetic 
ince  bridging  such  gap. 

Strain,  Optical A  deformation  or 

•alteration  of  volume  produced  in  a  plate  of 
Slass,  or  other  transparent  medium,  by  the 
action  of  any  stress,  (See  Strain,  Electro- 
Mi^netic.     Strain,  Electrostatic,  OpticaL) 

Strain,  Optical  Etectro-Magnetic 

A  strain  produced  in  a  plate  of  glass  or  other 
Haasparent  medium  by  placing  it  in  a  mag- 
netic field.  {See  Stress,  Electro-Magnetic. 
Mfiutitfn,  Magneto-Optic.) 

OpIiGiil  straini  whether  electrostatic  or  mag- 
iBlic,  or  circn  mechanical,  often  causes  a  medium 
te  acquire  the  power  of  double  re/racthn  or  n^ 
M^y  palaritatiffTt,  (See  He/raeii^n,  Double^ 
£itei$i£.     £4f(athH,  Magntio^OpHc.) 

ttnind«il    Core    of    Cable,— (See   Core, 

Sirmmdid,  cf  Cable) 

Stranded  Lliie,~(See  Line^  Stranded.) 
Strap  Copper.— (See  Copper,  Strap.) 
Straps  and  Climber*.— Devices  employed 

bf  linemen  for  climbing  wooden   telegraph 

poles. 

8tmtham*s  Electric  Fu^,— {See  Fuse, 
Mlsciric,  St  rat  ham  *s. ) 

Strmtlflcatloa  Tube,— (See  Tube,  Stratifi- 
mUdan,) 

8tFatifled    0l8ehaTge.^(See  Discharge^ 

'atified) 

J     Field.— (See     Field,     Magnetic, 

SIraj  Power, — (Sec  Power,  Stray.) 
Slrean^Liiies  of  an  Eseapiug'  Fluld.^ — 
X^oics  which  show  the   actual  path  of  the 
paxtides  of  an  escaping  fiuid. 

IVhen  the  escape  has  reached  a  iteady  condi- 
Abv  the  stream  lines  correspond  to  the  flow  lines* 
ttreamen.— Pillars   or   parallel    flashing 
ins  of  light  frequently  seen  during  the 
lence  of  an  aurora,    (See  Aurara  Bo- 
's:^ 


BtreaTiterA,  Auroral A  term  some- 
times applied  to  the  flashing  columns  or  pillars 
of  light  that  are  thrown  out  in  the  shape  of 
streams,  from  portions  of  the  sky  during  the 
prevalence  of  an  aurora.  {See  Aurora  Bo- 
realis.] 


Streamliig 

Streaming^) 


Bbctiarge* — (See  Discharge, 


Btreamletft,  Current- 


-A  theoretical 


conception  of  a  scries  of  parallel  current 
streams  or  current  filaments,  flowing  through 
a  solid  conductor. 

In  the  case  of  uniform  distribution  of  an  elec- 
tric current  where  the  current  density  is  the  same 
for  all  areas  of  cross* section^  these  current  stream- 
lets are  ol!  of  the  same  strength. 

In  the  case  of  rapidly  alternating  currents, 
however,  the  current  streamlets  arc  of  greater 
strength  near  the  surface.  When  the  rate  of  al- 
ternation is  sufliciently  great,  they  are  almost 
entirely  al)sent  at  the  central  parts. 

The  conception  of  current  streamlets  is  made 
in  order  to  account  for  the  increase  in  the  resist- 
ance  of  a  solid  conductor  through  which  rapidly 
ftiternating  currents  of  electricity  are  paaaing. 
(Sec  Current i.  Simple- Ptri&dic.) 

Streams,    Cottveotioa Streams    of 

electrified  air  or  other  gaseous  or  vaporous 
particles  given  off  from  the  pointed  ends  of 
charged,  insulated  conductors.  (See  C^n- 
%tection.  Electric.) 

Street  Mains.— (Sec  Main,  Street.) 

Street  Service.— {Sec  Service,  Street.) 

Strength,  Field —The  intensity  or 

total  flux  of  magnetism  of  a  dynamo. 

This  term  is  also  sometimes  roughly  used  for 
the  current  stretigtli  in  the  field  magnet  drctiit  of 
a  dynamo'dectric  machine. 

Strength     of     Currenl— (See     Current 

Strengtli.) 

Strength  of  MagneUc  Field.^Scc /^i>/i/. 

Magnetic,  Strength  of) 

Strengtli  of  Magnetism. — (Sec  Magnetism, 
Strength  of.) 

Stress. — The  pressure,  pult  or  other  force 
producing  a  deformation  or  strain. 
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Stress,  Dielectric The  force  pro- 
ducing the  deformation  or  strain  in  a  dielec- 
tiic. 

A  dielectric  strain,  in  the  case  of  a  Ley  den  jar 
or  condenser,  ia  sometimes  sufHcicntly  great  to 
pierce  the  dielcctnc. 

Stress,  Electro-Magnetic— ^The force 

or  pressure  in  a  nnagnetic  field*  which  produces 
a  strain  or  deformation  in  a  piece  of  glass  or 
other  similar  substance  placed  therein.  (See 
Strain,  Optical  Electro-Magnetic.) 

StresA,  Electrostatic — The  force  or 

pressure  in  an  electrostatic  field,  which  pro- 
duces strain  or  deformation  in  apiece  of  glass 
or  other  substance  placed  therein.  (See 
Strain,  Electrostatic,  Optical) 

Stress,  Energy  of A  term  some- 
times used  in  place  of  potential  energy*  (See 
Energy^  Potential*) 

Stress,  Magnetic ^The  force  acting 

to  produce  a  strain  in  the  air-gap  between 
two  dissimilar  magnet  poles  by  the  action  of 
the  lines  of  magnetic  force,  bridging  such  air 
gap. 

SfritB,  Electric Parallel  streaked 

bands,  consisting  of  alternate  light  and  dark 
spaces,  produced  in  tubes  containmg  iow 
vacua »  by  the  passage  of  rapidly  alternating 
currents  through  them.  (Sec  Tuhe,  Strati- 
fication,) 

Strip,  Safety A  strip  or  bar  used  as 

a  safety  fuse,     (Sec  Fuse^  Safety,) 

Stripping, — Dissolving  the  metal  coating 
from  a  silver-plated  or  other  metal-plated  ar- 
ticie. 

The  object  of  the  **  stripping  "  process  is  to  re- 
cover silver  from  imperfectly  plated  ware,  or 
from  old  ware  which  is  to  be  replatcd. 

Stripping  of  silver  is  accomplished  cither  in  the 
cold  or  by  aid  of  heat,  by  the  use  of  the  following 
flolutionSf  vitr. 
Concentrated  sulphuric  add, 

(Baum^,  66  degrees) lOo  parts. 

Concentrated  nitric  acid, 

(Baum^,  40  degrees)  .♦..», 10      " 

The  objects  are  suspended  in  this  liquid,  which, 
provided  it  be  not  diluted  with  water,  possesses 
the  property  of  dissolving  the  silver  without 
touching  the  metal  underneath. 
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[Sab. 

Baths.— (Sec    Baik,    Strip^ 
Liquid.— (Sec  Liquid,  Strip- 


Strlpplug 

pifig.) 

Stripping 
P^'^g) 

Stroke,  Liglitning A  disruptive 

discharge  between  two  oppositely  charged 
clouds,  or  between  a  cloud  and  the  earth. 
(See  Discharge^  Disruptive,) 

Stroke,  Lightning,  Back  or  Retvrm 

— An  electric  shock,  caused  by  an  induced 
charge,  produced  by  the  discharge  of  \  light* 
ning  flash. 

The  shock  is  not  caused  by  the  lightning  fiash 
itself,  but  by  a  charge  which  is  induced  in  neigh- 
boring  conductors  by  the  discharge.  These  in* 
duced  effects  are^  tn  fact,  effects  of  dectro-dy- 
namic  induction.  (See  Indutiiony  Electro^Dy' 
namu)  A  similar  effect  may  be  noticed  by 
standing  near  the  conductor  of  a  powerful  electric 
machine,  when  shocks  are  felt  at  every  discharge. 

The  effects  of  the  rctiLrn  shock  are  sometimes 
quite  severe.  These  effects  are  often  experienoed 
by  sensitive  people  on  the  occurrence  of  a  lights 
ning  discharge  at  a  considerable  distance* 

In  some  instances  the  return  stroke  has  been 
sufficiently  intense  to  cause  death.  La  general, 
however,  the  effects  are  much  less  scvert  than 
those  of  the  direct  lightning  discharge. 

Struts  for  Telefraphic  Polets.- Inclined 

wooden  or  iron  poles,  applied  to  telegraph 
poles  in  order  to  support  the  thrust  or  press- 
ure acting  on  them.  (See  Pote^  Tele* 
graphic) 

Stnrgeon'H  or  Barlow^s  WhecL— A  wheel 

capable  of  rotation  on  a  horizontal  axis,  which, 
when  placed  between  the  jKjIes  of  a  magnet. 
rotates  when  a  current  is  passed  through  it 
between  the  axis  and  the  circumference. 

Sab-AqneottB  Cable.— (Sec  Cable,  Sub- 
Aqueous) 

SulKBriincli.— (See  Branch.  5m^.) 

Sub-Mai D,— (See  Main,  Sub) 

Submarine  Boat— (See  Boat,  Sub- 
marine.  Electric) 

Stibmarine  Cable,— (See  Cable.  Sub- 
marine) 

Snbniariiie  Mine.— (Sec  Mime,  Sub^ 
marine.) 
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SulHiiAriiie  Telegraiiliy* — (Sec  7>/^- 
rapky,  Suhftari/tf.) 

IBobfttanc^,  Ferro-Mu^notic  — A 
term  proposed  in  place  of  paraniagnetic,  for 
substances  ihat  are  magnetic  after  the  man- 
ner vi  iron.     (See  Paramagnetic*) 

l^iibtemiDeAii  Mine.  (See  Mine,  Sti^- 
ierranean.) 

^1     Subwajf    Electric An     accessible 

underground  w«iy  or  passage  provided  for  the 
reception  of  electric  wires  or  cables. 

Underground  electric  conductors,  lilce  all  elec- 
tric conductors,  are  liable  to  faults^  crosses,  etc. 
Unless  they  are  readily  accessible,  very  serious 
loss  and  damage  may  occur  before  the  fault  is 
located  and  corrected. 

Snlphating.— A  name  applied  to  one  of  the 
sources  of  loss  in  the  operation  of  a  storage 
battery,  by  means  of  the  formation  of  a  coating 
of  inert  sulphate  of  lead  on  the  battery  plates. 

The  addition  of  a  solution  of  sulphate  of  soda 
to  the  sulphuric  acid  liquid  is  claimed  to  have  the 
effect  of  decreasing  the  extent  of  the  sulphating. 

^I    Sammer    Lightning'.— (See    Lightning, 

^m  Summer.) 

B      8fm  Spot*u— (Sec  spots.  Sun.) 

H     8Dii8tn>ke,  Electric^  or  Electric  Prostra- 

tJon     or     Inhalation Physiological 

effects,  similar  to  those  produced  by  exposure 
to  the  sun,  experienced  by  those  exposed  for 
a  long  while  to  the  intense  light  and  heat  of 
the  voltaic  arc. 

Electric  sunstroke  is  sometimes  called  electric 
jnsolitioiit  or  electric  prostration. 

The  effects  of  electric  sunstroke  were  first 
noticed  by  Desprez  in  his  classic  experiments  on 
the  fusion  or  volatilisation  of  carbon* 

On  undue  exposure  to  an  intense  electric  ught 
the  eyes  are  irritated  and  the  skin  burned  as 
by  the  sun*  In  some  c^e»  it  is  claimed  that  the 
effects  of  sunstroke,  or  excessive  production  of 
beat,  as  in  true  ins&latwn^  arc  produced.  In  the 
applications  of  electricity  to  electric  furnaces, 
these  same  effects  have  been  noticed  in  an  inten- 
lified  degree. 

From  some  recent  investigations  it  would  ap* 
pear  that  th»e  effects  are  to  be  ascribed  to  the 
fight  rather  than  to  the  heat 


The  sytnploms  are  as  follows:  Pain  in  the 
throat »  face  and  temples,  followed  by  a  coppery 
red  color  of  the  skin,  irritation  and  watering  of 
the  eyes,  when  the  symptoms  disappear.  The 
skin  peels  off  in  about  five  days. 

SaperHctal  Eddy  Ctirrente.— (See  Cur- 

renis,  Eddy,  Supcrficiai) 

Super-Saturation  of  Si>liitioii. — (See 
Soluiit>n^  Super^ Saturation  of,) 

Hnppletnent  of  Angle.— (See  Angie,  Sup-- 

piement  of,) 

Hfipply,  tlntt of.  Electrical —A  unit* 

provisionally  adopted  in  England  by  the 
Board  of  Trade,  equal  to  i.ooo  amperes  flow- 
ing for  one  hour  under  an  electromotive  force 
of  one  volt. 

This  would,  of  course,  equal  i^ooo  watt  hours, 
and  would  be  the  same  as  loo  ampdres  flowing 
for  ten  hours  under  one  volt. 

One  Tinit  of  electrical  supply  is  equal  to  1.34 
actual  horse-power  expended  for  one  hour,  and 
wilt  feed  13,4  Swan  lamps  of  21  candle-power  for 
one  hour.  It  is  equal  in  illuminating  power  in 
Swan  lamps  to  the  light  produced  by  100  cubic 
feet  of  gas  consumed  in  twenty  I4<andlc  burners 
in  one  hour. 

The  unit  of  electrical  supply  is  called  a  **  Board 
of  Trade  imil,"  a  B.  Q.  T.  unit,  or  simply  a  bot- 
It  is  equal  to  one  kilo-wait  hour. 

Support,  Tripod  Roof— A  support 

for  a  housetop  telegraphic  line. 

The  tripod  roof  suppori»  as  its  name  indicates, 
consists  of  a  three-legged  support  for  any  suitable 
insulator. 

A  common  form  is  shown  in  Fig.  516. 

Support,  Underground   Cable A 

support  provided  for  holding  a  cable  where 
it  passes  around  the  side  of  a  man-hole,  un- 
derground ccmduil,  or  other  similar  location. 

Sarfftco,  Bcmareation The  surface 

at  which  a  demarcation  current  is  generated. 

The  surface  which  marks  the  point  of  in- 
jury in  a  muscle  or  nerve. 

Demarcation  currents  in  electro* therapeutics, 
arc  currents  produced  in  Injured  nerves  or 
muscles.  They  are  probably  due  to  the  chemtcal 
changes  that  take  place  between  the  injured  and 
the  uninjured  tissues.    The  demarcation  tur£ice  i& 
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the  BMr&ce*separ&ttng  parts  inn  nm-mal  condi- 
tkm  fromnhose  in  an  abnormal  condhian. 

An  injury  to  a  intr?de  or  nerve  causes  or  pro- 
duce} at  sudx  sar&ice  a  jdying  substence  whkh  U 
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negative  to  the  unuijured^  normal  or  positive  sub- 
stance. Stich  a  surface  results  in  a  demarcation 
current. 

Surface  Density.— (See  Density,  Surface.) 

Surface,  Eqalpotentliil,  of  a  Conductor 
Tlirougrh  ItlTiicli  a  Current  \a  Flowing 

— A  surface  described  withio  the  mass  of  a 
conductor,  conveying  an  electric  current,  at 
points  perpendictilar  to  the  direction  of  the 
flow,  all  possessing  the  same  potential. 

Karfoce,  Eqnipoteiitia],  or^l>Tel  Siirfnee 
of  Escaping-  PJnN — ——A  surface  de- 
scribed within  the  mass  of  a  fluid  in  motion 
at  all  places  perpendicular  to  the  stream  lines 
passing  such  surface. 

jgarfatie  Intef  ml  of  3Ijigrne tie  Induction. 
— (See  Induction,  Magnetic,  Surface-InU- 
gralof.) 

Surfaces^    figitipotenilal,    El«elroftt4itlc 

Surfaces,  all  the  points  of  which  are 

at  the  same  etectric  patential.  (Sec  Petm- 
iiai.  Electric:) 


Electric  sirrfaccs  perpendicular  to  the  tmes 
of  electric  force  over  which  a  quantity  of 
electricity,  considered  as  being  conccntraled 
at  a  point,  may  be  mov^ed  withottt  doing 
work.     {See  Fi^ld,  £Uctrasiaiic, ) 

Equi potential  &ttr&ces  cortespond  vritli  a  iraler 
level  p  over  which  a  bcdy  may  be  moved  koriaon- 
tally  without  doing  any  work  against  the  force  oC 
gravity. 

In  the  case  of  the  charged  insulated  iphere, 
shown  in  Yig,  517,  the  equipotentiai  iur£uas« 
represented  by  the  circles,  are  conoeninc 
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iSarfoees,  Eqni  potential.  Magnetic 
— Surfaces  suiTt*undit>g  the  poles  of  a  fiMlg- 
net.  or  system  of  magnets,  where  the  vaia%* 
netic  potential  is  the  same.  (See  P^teniial, 
Magnetic) 

Magnetic  eqm'potential  sudaces  extend  in  a 
direction  perpendicular  to  the  Unes  of  magnetic 
force,     (See  Fieid^  Magnetic.) 

No  work  is  required  in  order  to  move  a  unit 
pole  over  cqutpotential  magnetic  surfaces,  be- 
cause in  so  doing  it  cuts  no  lines  of  magnetic 
£circe.  Work,  however,  is  done  wken  the  motion 
is  from  one  equal  potential  surbce  to  another* 

Equipolentiai  surfaces,  whctherclectrtc  or  m 
oetic,   cannot  intersect  one  another,  sjnce 
potential  is  the  same  at  all  points. 

Snrfaee^  Isothcrmul — Surfaces  con- 
necting points  in  a  body  whicii  have  thesaune 
temperature. 

^ar^la^     Dischai^ei — (See    J>ucAargt, 

Bnr^iiigB,  Eleetrie — 'Ef cctrfc  oscilia* 

tions  set  up  in  a  charged  conductor  that  4s 
undergoing  rapid  discharge. 

These  sxirgings  produce  waves  in  the 
ing  ether  that  travel  outwirds  with  the  vdodty  of 
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tigbt     {%ist  EiectHcHy,  Htrim's  Theory  of  EIt<- 
iP9*Mag'9tiu  Radia^atu  «r  Waves, )\ 

Sweeplil^fllljr^  Magnetic  ^^_The  ratio 
oeUini^  between  the  induced  magnetization 
and  the  magnetic  force  producing  such  mag- 
netism, or  the  intensity  of  magnetism  divided 
\x^  the  magnetic  force. 

Sim^rtlbMitj  relates  to  ihopo^^t  produced  in  a 
hodf  by  a  magnetizing  force,  whereas  permea- 
bility refers  its  power  to  (ondutt  Hues  of  force. 
When  the  inducing  field  has  unit  strength  of 
magnetizaliaii,  the  magnetic  stuoeptibnity  will 
measure  directly  the  strength  of  the  magnetlza- 
tion. 

When  a  bar  of  iron  is  placed  in  a  magnetic 
field,  it  is  threaded  by  the  lines  of  magnetic  force, 
and  thus  becomes  magnetized  by  imitution.  This 
induction  will  necessarily  depend  both  on  the 
number  of  lines  of  force  in  the  magnetirmg  field 
acid  on  the  magneik  per^futthility  of  the  roagtici> 
tzed  l>ody;  or,  in  other  words^  the  induttion  is 
equal  to  th«  product  of  the  intensity  of  the  mag- 
netizing field  and  the  magnetic  permeab^ity  of 
the  body  in  which  the  induction  occurs. 

The  magnedc  suscoptibility  is  sometiincs called 
tlR  Go-effidantrof  Bflhgnctimtian;  calling  K,  the 
•mteptflitlityi,  V%  tiic  magneii sing  force,  audi,  tte 
intensity  of  the  resulting  magnetization;  then 

The  magnetic  permeability  it  somadiDes  called 
the  Co.efBcicnt  of  Magnetic  Induction,  calling  /i, 
the  permeability,  B,  the  magnetic  induction  and 
H,  the  mag'netic  force  producing  the  induction; 
then 
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8«i8i»endiii^  Wire  of  Aerial  Cahle,— (See 
IK/W,  Suspending,  of  Alfriai  Caifle,) 

Soj^pensioiu  Eifllar ^Thc  suspen- 
sion of  a  needle  by  two  c 
parallel  wires  or  fibres, 
as  distinguished   from 
a  susprnsion  by  a  sin- 
gle wire  or  tibre. 

A  bidkr  sispc&faoais  ^■^*- 
thown  in  Fig.  518.    The 
two  threads,  a  b  and  a'  ^ 

h\  are  connected  to  the  /V*^r^,    Blfiiar^u/tn- 
needle  M  N,  so  as  to  per-  '■^" 

mit  it  to  hang  in  a  true  homontal  position.    Any 


twisting,  acotmd  the  imaginary  axis  c  c*,^ 

the  lioea  of  susf^eoaon*  ab  and  a'  b'l  to  tend  to 
CT0B6  one  another  and  so  shorten  the  axis  c  c\ 

Harris,  who  was  the  first  to  employ  the  bifilar 
suspension,  showed  that  the  reactive  force  im- 
parted to  the  suspension  threads  by  turning  the 
needle,  wast 

(t.)  Directly  proportional  to  the  distance  bo* 
twcen  the  threads. 

(2.)  luversely  as  their  lengths* 

(3.)  Directly  pioporticmal  to  the  weight  of  the 
suspended  body. 

(4. )  Proportional  to  the  angk  o£  twist  or  tontan 
of  the  threads  on  each  other. 

Any  defection  of  the  needle  shortens  the  verti- 
cal distance  between  the  points  of  support  and 
the  needle,  and  so  tends  to  bft  the  needle.  The 
motioDS  are  therefore  balanced  against  the  force 
of  gravity  instead  of  against  the  torsion  of  the 
fibre. 

8u!ip«iiglan^  Comliiiietli  FihrD  iwd  Spriii^ 

The  suspension  of  a  needle  by  the 

combined  use  of  a  spiral  spring  and  a  single 
fibre. 

In  tfiis  form  of  smspension  the  sprittf-  is  intrOo 
duced  between  the  fibre  and  the  needle.  It  is^ 
valuable  for  marine  galvanometers  and^  otHer  ap- 
paratus exposed'  to  tilting  or  roiling-  motf ons,.  be- 
cause it  permits  the  instmmcnf  to  be  tilted 
through  several  degrees  without  caiaing- any  con* 
siderable  variation  in  the  deflections  produced  by> 
the  current  or  the  charge. 

Snspen^ion,  Fibre Suspension  ol  a 

needle  by  means  of  a  fibre  of  unspun  silk  or 
other  maleriaU 

A  fibre  suspension  generally  means  a  single 
fibre  or  thread.  It  may,  howevar,  be  applied  to 
a  bifilmr suspension.     {.See.S'iijr/V*wi>ii,  Bifilar.) 

A  fibre  suspension  is  to  Ijie  preferred  to  xpwa^ 
■uiDCEifliox^  since  it  eliminates  all  iciction .  It  has, 
however,  the  disadvantage  of  nocessitatingsJevd* 
ing  screws. 

^OEpeiuiloiii  Kittlfe-Edge The  sufr- 

piensian  of  a  needle  on  kaifc  edges  that  arc, 
supported  on  steel  or  ag;^te  planes. 

A  suspension  of  this  kind  is  used  in  the  dip*^ 
ping  needle,  since  it  permiia  o£  freedom  of  mo- 
tian  in  a.  single  vertical  plane  only. 

Smpeiuioit^  Firot SuspenskMi  of  a 

needle  by  means  of  a  jewelod  cup  and  a  \ 
lallic  pivot. 
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tic  jeweled  cup  is  placed  above  the  centre  of 
ity  of  the  needle,  and  is  supported  on  a  steel 

■nt.    As  a  rule,  compass  needles  have    this 

pcty  of  support, 

J  Swage, — A  particular  form  of  anvil  on 
Ihich  highly  heated  metallic  plates  are  shaped 
ly  hammering  them  into  fonns  the  same  as 
(hal  of  the  anvil  on  which  they  are  placed. 

Swiige, — To  fashion  heated  metallic  plates 
[by  hammering  them  into  the  form  of  an  anvil 
[  on  which  ihcy  arc  supported, 

8wag"Iiig,^Fashioning  highly  heated  me- 
tallic plates  into  any  desired  form  by  ham* 
mering  while  on  suitable  dies. 

Swaging,  Electric The  forming  or 

shaping  of  metallic  plates  by  hammering 
them  against  suitable  anvils  or  dies  while 
softened  by  electrical  healing. 

The  electro-swaging  apparatus  consiBts  of  a 
welding  transforTncr  provided  with  a  movable 
clamp.  The  pressure  required  for  the  swaging 
is  attained  by  the  use  of  steam  admitted  into  a 
cylinder  by  a  lever  which  operates  a  four-way 
valve. 

The  rod,  bar,  or  plate  of  metal  to  be  shaped  or 
■waged,  is  first  heated  by  the  passage  of  a  pow- 
ful  heating  current »  obtained  preferably  from  a 
welding  transformer,  one  of  the  damps  of  which 
is  movable.  When  the  metal  is  suitably  softened 
by  the  passage  of  the  current,  it  is  then  subjected 
to  swaging. 

Swelling  Corrent.— (Sec  Currenis,  Swtlh 
ing.) 

SwelliDg  FaradJc  Curreiit— (Sec  Cur- 
renis, Swelling  Faradtc) 

Swinging  AnnanciaUn— (See  Annuncsa" 
ier.  Pendulum  or  Swinging^ 

Swinging  Cro88.^(See  Cross ^  Swinging 
or  Iniermittent.) 
Switch,    Automatic,   for     Incandeaceni 

^ectrlc  Lasnpg A  device  by  which 

incandescent  electric  tamps  can  be  lighted  or 
I  extinguished  at  a  distance  by  means  of  push 
pliuttons. 

The  automatic  switch  for   incandescent  tamps 

corresponds  in  electric  lighting  to  the  automatic 

b^gaaUghting  device  in  systems  of  electric  gaslight- 

Dg.      It     consists   essentially  of   two    electro- 

agncts,  one  for  turning  the  switch  which  lights 


the  lamp  by  cutting  then  into  the  drcmt  oC  i 
lighting  mains  or  conductors,  and  the  ciher  i 
extinguishing  them,  by  cutting  them  out.     These 
electro -magnets  are  operated  by  two  push  butto 
a  black  one  to  extinguish  the  lamp  and  a 
button  to  light  it. 

The  details  of  the  automatic  switch  are  show 
Fig.  520.  The  mains  M^  and  M*^  are comnected  ^ 
one  set  of  contacts,  and  the  branches  coot 


Fig*  Si9* 
the  lamps  to  be  lighted,  to  the  contacts 
them.     The  push  buttons,  P*andP',  arc 
nected  by  their  wires  to  the  main  M»   and  thie" 
branch  B*. 

These  buttons  are  made  respectively  positive 
and  negative,  and  are  marked  -f-  iuid  — .  The 
third  wire  of  the  push  button  is  connected  as 
shown  to  the  lamp  L^  and  the  switch  magnet* 

When  the  contact  is  closed  at  P^  the  arma- 
ture of  S  M,  closes  the  contact  through  C. 
When  the  button  is  released,  connectioa  is  e9ta]>- 


lished  between  the  magnet  aad  the  lamp  1 
series.    This  is  for  the  purpose  of  ctittlxig  1 

the  circuit  to  the  ^  of  an  ampere,  and  thus  i 
mitting  a  thin  wire  to  serve  between  the  I 
and  the  switch  magnet. 

When  the  button,  P*,  is  closed  the  lajon 
turned  out, 

SwEt4?U  Board.— (See  Board,  SwiicA\ 

Switch  Board.    MalUfile    

Board,  Multiple  Switch:^ 
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Switch  Board.  Telegraphic (See 

Board,  Stt/Z/c/t,   TeUgraphk:) 

8ffitcli  BoanI,    Trankingr (Sec 

Board,  SwiicA,  Tr unking,) 

Switch,    Br^ak-Boiro ^A   special 

switch,  employed  in  small  ihree-wire  systems* 
lor  connecting  the  positive  and  negative  bus- 
wires  in  such  a  manner  as  to  practically 
convert  it  into  a  two-wire  system  and  permit 
the  system  to  be  supplied  with  current  from 
a  single  dynamo.    (See  Wires,  Bus.) 

Swft4?h,  ChaDflDg ^A  switch  de- 
signed to  throw  a  circuit  from  one  electric 
source  to  another, 

K  changing  switch,  for  exasiple^  is  of  use  in 
disconnecting  a  circuit  from  one  dynamo  and 
connecting  it  to  another;  or,  in  other  words^  lo 
suddenly  transfer  the  load  from  one  dynamo  to 
another. 

Switch,  CbaafiniT'OTer A  term 

sometimes  applied  to  a  changing  switch* 
(See  Suutch,  Changing^ 

Switch,  Mstribntlng  •  —A  multiple 

switch  board.  (See  Board,  MultipU  Switch,) 

Switch,     Distributing,    for      Electric 

Lights A    switch    employed     in  a 

system  of  arc  lighting  by  series- distribu- 
tion, by  means  of  which  any  particular 
dynamo-electric  machine   or  a   number  of 
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separate  dynamo-electric  machines  can 
be  connected  with  the  same  circuit  without 
interfering  with  the  lights.  (See  Board,  Mul- 
tiple Swiick.) 

Switch,    B^nble-Break -A  term 

sometimes  used  for  double-pole  switch.  (See 
Switch,  DmbU-Pale,) 
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Switch,  BowMe-Breok  Knife  —^  —A 

knife  switch  provided  with  double-breaic  con- 
tacts. 
A  double-break  knife  switch  is  shown  in  Fig. 

Switch,  Donble-Fole  ^—  — A  switch 
that  makes  or  breaks  contact  with  both  poles 
of  the  circuit  in  which  it  is  placed, 

A  switch  consisting  of  a  combination  of 
two  separate  switches,  one  connected  to  the 
positive  lead  and  the  other  to  the  negative 
lead. 

Double- pole  switches  are  used  in  most  systems 
of  incandescent  lighting  in  order  to  insure  the 
thorough  separation  of  the  circuit  &om  the  main 
conductor  or  leads  when  cut  out  and  to  diminish 
the  spark. 

Switch,  Feeder The  switch  em- 
ployed for  connecting  or  disconnecting  each 
conductor  of  a  feeder  from  the  bus-bars  in  a 
central  station. 

Switch,  Four-Point  — A  switch  by 

which  a  circuit  can  be  completed  through 
four  central  points. 

Switch,  Knife  ^— — A  switch  which  is 
opened  or  closed  by  the  motioci  of  a  knife 


Fig,  j##.    LAmp-Sockti  Smtt^ 

contact  w^hich  moves  between  parallel  contact 
plates. 

A  knife-edge  switch.   (Sec  Switch,  Kni/f* 

Edge.) 

Switch,    Knife-Break    — A    knife 

switch.     (Sec  S^viich,  Knife,) 

Switch,  Knife-Edge — A  term  some- 
times used  in  place  of  knife  switch.  (See 
Switch,  Knife) 
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Switch,  LamiHSoolcet A   switch 

^ced  in  the  socJo^t  of  an  incandescent  lamp 
provided  for  throwing  the  lamp  in  and 
of'the  ciiTult. 

.  fomi  of  lamp  socket  switch  is  shown  in  Fig. 
fe22.     Its  -operation  wQI  be  understood  firom  an 
Ijnspcctian  of  (he  dromlog. 

Switch  Pin.— (See  Phi,  S7X^/tck.) 

Iiwitcli,  l*\ng A  switch  in  which  a 

metal  plug  is  withdrawn  to  throw  into  a  cir- 
cuit a  coil  or  other  device,  the  ends  of  which 
are  connected  to  metallic  blocks  that  are  suf- 
ficiently near  together  to  be  joined  and  short- 
circuited  by  the  iosertJon  of  the  plug. 

I^wilcli,  Pole-€hiiiigin^  — —  — A  switch 
employed  for  changing  the  direction  of  the 
current  in  any  circuit* 

A  form  of  pole^changlng  «wftch  i^thown  in  Fig. 
523- 


Fig-,  J^J,    /V^  CMAt^fv^  Smiich . 

If  the  two  outer  contacts  are  connected  to  the 
same  pole  as  the  source,  «s,  for  example,  the 
positiTe,  and  the  two  iutermcdiatc  contacts  are 
connected  to  the  other  pole,  or  to  the  negative, 
then  in  the  position  shown  in  the  cut,  the  curreti  t 
will  flow  through  any  recqitivc  device  connected 
with  the  switch,  in  one  direction^  but  if  the 
switch  is  moved  to  the  left,  It  will  flow  in  the  op- 
posite direction. 

Switch,  Removahle  Kof A  plug 

switch.     (See  Switch,  P/ug) 

Switch,  Eci^entinf A  switch    for 

reversing  the  direction  of  the  battery  current 
through  a  galvanometer. 

A  simple  reversing  switch  consists  of  fSmir  in- 
lulated  bnkss  segmeiltB  mDontcil  on  a.  plttte  of 
ebonite  and  funj^ed  with  opvauigB  between 
them  for  p!ug  conn  ec  lions. 

The  tnttery  terminals  arc  connected  to  two  di- 
agonally opposite  segments,  a4  B,  and  I>,  Fig. 
524,  and  the  leading  wires  of  the  galvanometer, 


or  other  instrument,  to  the  other  sopniBiit^  aiC 
and  A.  If,  now,  the  plugs  are  placed  betn^wnl 
and  C,  and  A  and  D,  the  battery  current  flom 
in  one  direction.    If,   however,   the  pli^  are 

J?'  


placed  between  A  and  B,  and  C  and  D,  the  bM- 
tery  current  will  flow  in  the  opposite  direction. 

The  battery  cttrrenl  is  cut  off  if  one  plug  Is  tt- 
movcd.  In  practice,  however,  it  Is  'prciferahlc  to 
remove  both  plng«,  so  as  to  avcnd  any  cuneitC 
from  want  of  sufficient  insulation. 


Switch,  Snap 


•^A  switch  in  whiclb 


the  transfer  of  the  contact  points  from  one 
position  to  another  is  accorapUfthcd  by  means 
of  a  quick  motion  obtained  by  the  operation 
of  a  spring. 

The  object  of  the  snap  switch  is  to  prevent  the 
switch  resting  in  any  itatlf  wmy  ^Atition,  and  tliiis 
pro«cnting  the  estabJkhing  of.an  arc. 

"Bwiti^h,  Ti^lcphoofi,  Autontatic —A 

device  for  automatically  transferring  the  con- 
nection of  the  main  line  from  the  ctUl  bell  to 
the  telephone  circuit. 

In  most  telephone  circuits,  as  now  arranged,  J 
the  automatic  switch,  besides  transCerring  then 
line  from  the  caU  belt  to  the  tetepbone  circviti 


is     1'^' 


clones  the  local  battery  circuit  of  the  bun 
on  the  removil  of  the  telepbane  ixom  its  1 
ing  hook. 


SnU] 


dOI 
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The  means  whereby  thii  is  accomplished  are 
shown  ill  Fig.  575-  On  the  removal  of  the  tele*, 
phone  from  the  hook  L,  the  lever  i&  pulled  up. 
wards  by  the  spring  2,  thus  closing  the  contacts  i, 
2  and  3,  by  which  the  local  battery  S,  h  closed 
tkiOttfk-  the  circuit  of  the  tiansmitterv  the  tele- 
phone disconnected  Irom  the  circuit  oi  the  fa/i  bell 
M,  Bt  and  connected  with  the  circuit  of  the  Lrans- 
tntter*  On  replacinij^  the  telephone  on  the  hook 
E,  its  weight  depresses  the  lever,  breaking  con- 
□eedon  with  i,  2  and  3,  and  catebHshing  oDnnec- 
tion  with  the  call  circuit. 

Sifitch, Three-Point— -A  switch  by 

means  of  which  a  circuit  can  be  completed 
throttgh  three  different  contact  points* 

Switclu  Time An  automatic  switch 

in  which  a  predetermined  time  i5  required 
eilhco'  to  insert  a  resistance  in  or  remove  it 
froin  a  circuit. 

Switch,  Two-Faliit A  switch  by 

SVMBOX-S  CO^mONLY   USED  IN  ELECTRICAL  WORK. 


means  of  which  a  circuit  can  be  compJ 
through  two  different  contact  points « 

^lteh«  Two-Way'  — —  —A  switch  pi 
vided  with;  two  contacts  connected  with  tvvo 
separate  and  distinct  circuits. 

Swltellt  ¥ak-Lo€k,  for   Burglar  Alunu 

(See    Aiarm,      Yale-LQi^'k     Simich 

Burglar,) 

SwltolieiL4.a. — Placed  in  a  circuit  by  nieaiis 
o£  a  sivttch.     (See  Closed'CircuiUd^ 

Switolietf'^ut— Cut  out  of  a  circuit  by 
means  of  a  svrttch.     (See  Open-Lircuited.) 

Symbols  aad  Diagrams,  Standard  Elee* 

trie ^^Standard  symbols  and  diagrams 

used  in  electro- technics. 

The  staxidard  electric  diagrams  and  symbols 
shown  on  page»  501,  and  502,  were  arranged  by 
Prof.  F.  B.  Crocker,  and  are  lepnniucedl  from 
the  Eittiwifoi  Et^netr, 
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8riiimetriciil  ladacUan  of  Armatare.^ — 
(See  Induction^  Symmetrical,  of  Armature.^ 

gjnunetricAl  Magnetic  Field.— (See 
Fitld^  Magnetic,  Symmetrical^ 

Sjmpathetlc  Electrical  Vlbrationa.-- 
(See  Vibrations^  Sympathetic  ElectricaL) 

Sjrmi^atheUc  yibriitloB9.-(Sec  Vibra* 
ii&fts,  Sympaikftic^ 

Sjttchronlftiii.— The  simultaneous  occur- 
rence of  any  two  events. 

A  rotating  cylinder,  or  the  movement  of  an 
index  or  trailing  arm,  is  brought  into  ay  ncbront9m 
with  a^nother  rotating  cylinder  or  another  index 
or  trailing  arm,  not  only  when  the  two  are  mov. 
ing  With  exactly  the  same  speed,  but  when  in  ad- 
dition they  tire  simultaneously  mtnnng  over  simi* 
lar  portions  of  tkHr  respective  paths , 

In  the  Breguct  Sttp-by-Step  or  Dial  Telegraph 
(Sec  Telegraphy^  Step  by-Step)^  the  movements  of 
the  needle  on  the  indicator  are  synchronized  with 
the  movements  of  the  needle  on  the  manipulator. 
In  systems  otFac- Simile  Telegraphy  the  move" 
ments  of  the  transmitting  apparattis  are  syn- 
chronized with  those  of  the  recdvitig  apparatus. 

In  Dehiny's  Syn^hronoHs  Multiplex  Telegraph 
System,  the  trailing  arm  that  moves  over  a  cir- 
cular table  of  contacts  at  the  transmitting  end, 
is  accurately  synchronized  with  a  similar  trailing 
arm  moving  over  a  similar  table  at  the  receiving 
end. 

Ddany,  who  was  the  first  to  obtain  rigorous 
synchronism  at  the  two  ends  of  a  telegraphic 
line  hundreds  of  miles  in  length,  accomplishes 
this  by  the  use  of  I^  Cour's  phonic  wheel, 
through  the  agency  of  correcting  electric  im. 
pulses,  automatically  sent  in  either  direction  over 
(he  main  linc»  when  one  trailing  arm  getr  a  short 
distance  in  advance  or  back  of  the  other. 

With  alternating  current  dynamos,  where  one 
dynamo  is  feeding  incandescent  lamps  connected 
to  the  leads  in  multiple,  and  it  is  desired  to 
couple  another  alternating  current  dynamo  in 
parallel  with  the  firsts  it  is  necessary  to  obtain  a 
complete  synchronism  of  the  two  dynamos  before 
coupling  them,  since  otherwise  the  lamps  will 
show  variations  in  their  light,  and  the  machine 
may  suffer. 

Synchroiilaalile,— Capable  of  being  syn- 
chronixed.     (Sec  Synchronism,) 
Synchronize, — To  cause  to  occur  or  act 
_  aimultancously.     (Sec  Synchronism,) 


Synchronized.— Caused    to  occur  or  act 

sinnultaneously.    (See  Synchronism,) 

Bynchronlzlni^  Dynatno-Electric  Mib- 
chlne.— (See  Machine,  Dynamo~Electric^ 
Synchronising^ 

Synchronous    Multiplex.   Telegrraphy,— 

(Sec  Telegraphy,  Synchronous  Multiplex, 
Delanfs  System.) 

SyHtenit  Astatic An  astatic   com* 

bin  alio  n  of  magnets. 

An  astatic  needle  consists  of  an  astatic  system 
of  two  magnetic  needles.  The  needles  are 
rigidly  fixed  together  with  their  opposite  poles 
facing  each  other.  The  ^wo  needles  form  an  as* 
tatic  pair  or  couple.     (See  Needle-^  Astatic.) 

System*  Block,  for  Ball  ways ^(See 

Railroads,  Block  System  for  ^ 

Sy»l«ni,    Centimetre  -  Gramme  -  Second 
- — "  — (Sec  Units,   Centimetre  -  Gramme  * 
Second^ 
System,    Con  tin  no  us    Tnderg  rounds    of 

Motlre  Power  for  Electric  Hallnmdf^ 

— ^(See  Railroads,  Electric,  Continuous  Un^ 
derg round  System  of  Motive  Prnt^er  for^ 
Syi^tem,  Be  pendent,  of  Motive  Power  for 

Electric  Railroadg (See  Railroads, 

Electric,    Dependent    System    of    Motive 
Poufer/or.) 
System,  Independent^  of  Motive  Power 

for  Railroads  — (See  Railroads,  Elec- 

trie.  Independent  System  of  Motive  Power 
far,) 

System,  Multiphase —A  term  fre- 
quently applied  to  a  system  of  rotating  elec- 
tric currents,     (See  Current,  Rotating.) 

System  of  BlgtHbntlon  of  Electricity  by 
Commntatlnibjr  Transformers. — (See  Elec- 
tricity, Distribution  of,  by  Commutating 
Transformers,) 

System  of  Distribution  of  Electricity  by 
CondenM^rs. — (See  Electricity,  Distribution 
of,  by  Alternating  Currents  by  Means  of 
Condensers,  Electricity,  Distribution  of  by 
Continuous  Current  by  Means  ^f  Condens- 
ers.) 

Sjstem  of  Phtrlbntlon  of  ElectrleHy  bf 
Means  of  Alternating  Current*.— (See  Elec 
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irictty,  Dutrtbutim  of.  by  AlUmaiing  Cur- 

rents^ 

System  of  Bistribatimi  of  Eleetrieify  b j 
Hotor  Generaton.— (See  Electricity.  Dis^ 
tribution  of.  by  Motor  Generators^ 

SjBtem,  Three-Wire A,  system  of 

electric  distribution  for  lamps  or  other  trans- 
lating  devices  connected  in  multiple;  in  which 
three  wires  are  used  instead  of  the  two  usually 
employed. 

In  the  three-wire  system  two  dynamos  are  gen- 
erally  employed,  which  are  connected  with  one 
another  in  series. 

The  three  conductors  are  connected  as  shown 
in  Fig.  527,  the  central  conductor  to  the  junction 
of  the  two  dynamos  and  the  two  others  to  their 
free  terminals,  and  the  difference  of  potential  be- 
tween the  central  and  the  two  outer  conductors 
is  maintained  the  same.  The  lamps,  or  other 
electro-receptive  devices,  are  placed  in  mult^e. 
arc  between  either  branch,  and  so  distributed 
that  the  current  in  each  branch  is  the  same. 
When  such  balance  is  established  no  current 
flows  through  the  central  or  ii^M/ra/ conductor. 
But  when  that  balance  is  disturbed,  the  surplus 
current  in  one  branch  is  taken  up  by  the  central 
conductor. 

The  three-wire    vp^xm   effects  considenible 


eoonomy  intiie  weight  of  wire  required, 
flie  multipta-series-coonectiaQ  oCc 
devices  whatever  diffomce  of  potential  »  im- 
pressed on  the  mains  is  fed  to  each  devk^  ■> 
higher  difference  of  potential  can  be  emplayoAeiK 
the  mains  than  that  whidi  the  devices  am  af»i> 
ble  of  taking.  In  tiie  case  of  an  ] 
lamp,  if  such  difference  be  exceeded,  too  1 
a  current  is  passed  through  the  lampa  1 
consequent  decrease  in  their,  life. 

In  the  three-wire  system  of  distribution  a  1 
difference  of  potential  can  be  maintained  o»  Re- 
mains than  is  required  for  any  lamp  plaoeil  m 
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Fig*  i" J  7 .    Tkrtt"  Wirt  ^ttem. 

oonnection  therewith,  and  in  tliis  manner  a 
sidcrable  saiing  is  efiectedin  dieootof  the 
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